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TO THE HONOVRABU: 

CHARLES BANKS STANHOPE,* 

AND TO THE HONOURABLE 

JAMES HAMILTON STANHOPE. 



Gentlemen, 

I AM desirous of prefixing your names to 
these volumes in token of the affectionate attach^ 
ment to which, from me, you are peculiarly enti- 
tled. And I am happy in the opportunity which 
thiis publication affords me of bringing to your 
recollection subjects, in the study of which you 
successfully engaged at a very early period of life, 
and which are of acknowledged importance in the 
pursuits of every well-educated youth. 

* This young man, the second son of the present Ear) 
Stanhope, chose at an early period the profession of anus- 
In the year 1807, he was appointed aid-de-camp to general 
Moore, whom he accompanied to Sicily and Sweden. In the 
latter end of the year 1808, he was, as major, appointed to 
the command of the 50th regiment, then in Spun, at the head 
at* which he was ^ot through the lie«rk, at Corumia, on the 
IGth of January, 1809. 



IV DEDICATION. 

In peinising this little work you mujJt bear in 
your minds, that it is not intended for proficients 
in philosophical knowledge, but for noviciates in 
science; not for yourselves in the present advanced 
stage of your progress, but for those young persons 
who are unacquainted with the rudiments of natu- 
ral aitd experimental philosophy. 

I am too well acquainted with the excellence of 
your dispositions to suppose it necessary for me to 
apologize for laying before you a work that has no 
extraordinary claim to your acceptance. You will, 
I am sure, appreciate its value, not so much by 
its intrinsic c^ontents, as by the good-will with 
which it is presented. 

Before I conclude this short address, permit me 
to say^ that my own happiness will ever be much 
augmented, by the assurance of the happiness and 
distinguished usefulness of those with whom I have 
spent so many years of my life, and to whose per* 
manent interest, I am surey you will acknoFledge 
I have never been inattentive. 

Sincerely wishing you, Gentlemen, all the feli* 
city which the honourable .exercise of distinguished' 
talents and virtuous minds can confer upon the 
possessors), 

I subscribe myself 

Your very affectionate Friend 

And obedient Servant, . 

THE AUTHOR. 
Ciukinrovy Mai» 18Q0. 



PREFACE 



THE author of these little volumes feels himself 
extremely happy in the^ opportunity which this 
puhlication affords him of acknowledging the obli- 
gations he is under to the authors of ** Practical 
Education, " for the pleasure and instruction which 
he has derived*from that valuable work. To this 
he is solely indebted for the idea of writing on the 
, subject of Natural Philosophy for the use of chil- 
dren. How far his plan correspoi^ds with that sug- 
gested by Mr. Edgeworth in his chapter on Meclui- 
nics, must be left with a candid public to decide. 

The author conceives at least, he shall be justi- 
fied in asserting, that no introduction to natural 
and experimental philosophy has been attempted 
in a method so familiar and easy as that which he 
now offers to the public ^--none which appears to 
him so properly adapted to the capacities of young 
people of ten or eleven year^ of age, a period of 
life, which, from the author's own experience, he 
is confident, is by no means too early to induce in 
children habits of scientific reasoning. In this 
opinion he is sanctioned by the auJiiority of Mr- 
Edge worth. ^^ Parents,'' days he, ^^are anxious 
that children should be conversant with mechanics, 
and with what are called the mechanical powers 
Certainly no species of knowledge is better suited 
to the taste and capacity of youth, and yet it sel- 
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dom forms a part af early instruction. Every body 
talks of the lever, the wedge, and the pulley, but 
most people perceive that the nptions which they 
have of their respective uses are unsatisfactory and 
indistinct, and many endeavour, at a late period of 
life, to acquire a scientific and exact knowledge of 
the effects that are produced by implements which 
are in every body's hands, or that are absolutely 
necessary in the daily occupations of mankind." 

Should these volumes be favourably received by 
the public, the author proposes to pursue the same 
plan in four others, for which he h^s ample mate- 
rials, and which will comprise Optics, Hydrosta- 
tics, Pneumatics, Chemistry, Electricity, and Mag- 
netism.* He is aware that to persons conversant 
with these subjects, and who are accustomed to 
the arduous employment of education, hints for the 
improvement of this work may occur; so far, there- 
fore, from deprecating candid criticism, whether of 
a public or private nature, he will thankfully attend 
to every liberal suggestion that may be offered; 
and will, in the revision of these volumes, or in 
writing those that remain to the completion of his 
design, avail himself of every advantage with which 
he may be favoured. 

The author trusts that the whole work will be 
found a complete compendium of natural and ex- 
perimental philosophy, not only adapted to the un- 
derstandings of young people, but well calculated 
also to convey that kind of famiUar instruction 

* TheM volumes have been published, and have all been 
sanctioned by the decided public approbatioDy having passed 
through KTeial large editions. 
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which is absolutely necessary, before a person can 
attend public lectures in these branches of science 
with advantage. ^*If," says Mr. Edgeworth, speak- 
ing on this subject, ^^ the lecturer does not conunu- 
nicate much of that knowledge which he endea- 
vours to explain, it is not to be attributed either to 
his want of skill, or to the insufficiency of his ap- 
paratus, but to the novelty of the terms which he 
is obliged to use. Ignorance of the langus^ in 
which any science is taught, is an insuperaUe bar 
to its being suddenly acquired; besides a precise 
knowledge of the meaning of terms, we must have 
an instantaneous idea excited in our minds when- 
ever they are repeated; and, as this can be acquired 
only by practice, it is impossible that philosophical 
lectures can be of much service to Uiose who are 
not familiarly acquainted with the technical lan- 
guage in which they are delivered/** 

It is presumed that an attentive perusal of these 
dialogues, in which the principal and most com- 
mon terms of science are carefuUy expired smd 
illustrated, by a variety of familiar examples, will 
be the means of obviating this objection, with re- 
spect to persons who may be desirous of attending 
those public philosophical lectures to which the 
inhabitants of the metropolis have almost constant 
access. 

* Mr. Edgeworth's chapter on Mechanics should be re- 
commended to the attention of the reader, but the author 
feels unwilling to refer to a part of a work, the whole of 
which deserves the careful perusal of all persons engaged in 
the education of youth. 
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FATHE1U-CHAia.ES— EMliA. 

CHJiRLES. Father, you told sister Emma 
and me, that after we had finished the ^^ Even- 
ings at Homej^* you would ext^ain to us some 
of the principles of natural philosophy : will you 
begin this morning? 

Father. Yes, 1 am quite at leisure; and, I 
shall indeed at all times take a delight in com- 
municating to you the elements of useful know- 
ledge; and the more so in proportion to the 
desire which you have of collecting and storing 
those facts that may enable you to understand 
the operations of nature, as well as the works 
of ingenious artists. These, I trust, will lead 
you, insensibly, to admire the wisdom and good- 
ness by means of which the whole system of the 
universe is constructed and supported. 

Einf¥ia. But can philosophy be comprehended 
by childrJBn so y oupg 'as we are ? I thought that 
it had been the business of men, and of old men 
too. 
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Father, Philosophy is a word which in its 
original sense signifies only a Ipve or desire of 
wisdom ; and you will not allow that you and 

irour brother are too young to wish for know-^ 
edge. 

Emma. So far from it, that the more know- 
ledge I get the better I seem to like it; and the 
number of new ideas which, with a little of yoar 
assistance, I have obtained from the ^^ Evenings 
at HonU^^^ and the great pleasure which I have 
received from the perusal of these volumes, will, 
I am sure, excite me to read them again and 
again. 

Father, You will find very little in the intro- 
ductory parts of natural and experimental phi« 
losophy, that requires much more of your atten- 
tion than many parts of that work with which 
you- have been so delighted. 

Charles fiut in some books, of natural philo- 
sophy, which I have occasionally looked into, a 
number of new and uncommon words have per- 
plexed me ; I have also seen references to figures 
by means of large letters and sm'all, the use of 
which I did not comprehend. . 

Father. It is frequently a dangerous practice 
for young minds to dip into subjects before they 
are prepared^ by some previous knowledge, to 
enter upon them ; since it may create a dbtaste 
for the most interesting topics. Thus those 
books which you .now read with so much plea- 
sura would not have afibrded -you the smallest 
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eatertaininent a few years ago, when yoa must 
have spelt out almost every word in each pace. 
The same sort of disgust will naturally be felt 
by persons who attempt to read works of science 
before the leading terms are explained and un- 
derstood* The word angk is continually recur- 
ring in subjects of this sort, do you know what 
an angle is? 

Emma. I do not think I do ; will you explain 
what it means? 

Father. An angle is made by the opening of 
two straight* lines. In this 'figure (Plate i. Fig. 
I.) there are two straight lines ab and cb meet- 
ing at the point B, and the opening made by them 
is called an angle. 

Charles. Whether that be small or great, is 
it still called an angle? 

Father. It is; your drawing compasses may 
familiarize to your mind the idea of an angle ; 
the lines in this figure will aptly represent the 
legs of the compasses, and the point b the joint 
upon which they move or turn. Now you may 
open the legs to any distance you please, even 
so far that they shall form one straight line ; in 
that position only they do not form an angle: In 
every other situation an angle is made by the 
opening of these legs, and the angle is said to 
be greater or less, as thai opening is greater 
or less. 

* Sirideht lines, in works of science, are usually denomi- 
nated r^AI lines. 
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Emma. Are not 0dme angles called right 
angles? 

Father. A ngles are either right y Ocute^ or oi- 
fuse. When the line ab (Plate i. Pig. 2.) meets 
another line DOy in such a manner as to make 
the angles ASn and abc equal to one another^ 
then those angles are called right angles. And 
the line ab is said to be perpendicular to bc. 
Hence to be perpendicular to^ or to make right 
angles with a line, means one and the same 
thing. 

Charles. Does it signify how you call the 
letter's of an angle ? 

Father. Itisusiialtocalleveryangle by three 
letters, and that at the angular point must be 
always the middle letter of the three. There 
are cases, however, where an angle may be de- 
notfiinated by a single letter, as in (ig;ures 1 and 
3, the angle abc may be called simply the angle 
B, for in these figures there is no danger of 
mistake, because there is but a single angle at 
the point b. 

Charles. I understand this, for if in the Second 
figure I were to describe the angle by th^ letter 
b only, you would not know whether I meant 
the angle abc or abd. 

Father. That is the precise reason whjr it is 
necessary in most descriptions to make use of 
three letters. An acute angle (Fig. 1.) abc is 
less than a right angle; and an obtuse angle 
(Fig. 3.) ABC is greater than a right angle. 
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JBmma* You see the reason now, Charles, 
why letters are placed against or by the figures, 
which puzzled you before. 

Charles. I do : they are intended to distin- 
guish the separate parts of each, in order to ren- 
der the description of thein easier both to the 
author and the reader. ^ 

Emma. What is the difference between an 
angle and a triangle ? 

Father. An angle being made by the opening 
of two lines, and, as you kno^, that two straight 
lines cannot enclose a space, so a triangle abc 
(Fig. 4.) is a space bounded by three straight 
lines. It takes its name from the property olT 
containing three angles. There are various sorts 
of triangles, but it is not necessary to enter upon 
these particulars, as I do not wish to burden 
your memories with more technical terms than 
we have occasion for. s 

Charles. A triangle then is a space or figure 
containing three angles, and bounded by as ma- 
ny straight lines. 

FcUf^. Yes, that description will answer 
our present purpose^ 
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CONVERSATION II. 



Of Matter.— of the Divisibility of Matter. 

Fattier, Do you understand what philosophers 
mean when they make use of the word matter? 

Emma. Are not all things which we see and 
feel composed of matter ? 

Father. Every thing which is the object of 
our senses is composed of matter differently mo» 
dified or arranged. But in a philosophical sense 
matter is defined to be extended^ solidf inactive, 
and moveable substance. 

Charles, If by extension is meant length, 
breadth, and thickness, matter, undoubtedly, 
is an extended substance. Its solidity is also 
manifest by thf resistance it makes to the touch. 

Emma, And the other properties nobody will 
deny, for all material objects are, of themselves, 
without motion : and yet it may be readily con- 
ceived, that by the application of a proper force 
there is no body which cannot be moved. But 
I remember, papa, that you told us something 
strange about the divisibility of matter, which 
you said might be continued without end. 

Father, f did, some time ago, mention this as 
a curious and interesting subject, and this is a 
very fit time for ine to explain it. 
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Charles. Can matter indeed be infinitely di- 
videdy for I suppose that this is what is meant 
by a division without end ? 

Father, DifScult as this may at first appear, 
yet I think it very capable of proof. Can you 
eonceive of a particle of matter so small as not 
to have an uppn* and under surface ? 

Charles, Certainly, every portion of matter, 
however minute, must have !^¥o surfaces at 
least, and then I see, that it follows of course 
that it is divisible. 

Father. Your conclusion is just, and though 
there may be particles of matter too small for 
us actually to divide, yet this arises from the 
imperfection of our instruments ; they must ne- 
vertheless, in their nature, be divisible. 

Etnma. But you were to give us some remarks- 
able instances of the minute division of matter. 

Father. A few 3'ears ago a lady spun a single 
pound of wool into a thread 168,000 yards long. 
And Mr. Boyle mentions that two grains and a 
half of silk was spun into a thread 300 yards in 
length. If a pound of silver, ^hich, you know, 
contains 5760 grains, and a single grain of gold 
be melted together, the gold will be equally 
diffused through the whole silver, insomuch that 
if one grain of the mass be dissolved in a liquid 
called Aqua FortiSy which is diluted nitric acid, 
the gold will fall to the bottom. By this experi- 
ment it is evident that a grain may be divided 
into 5761 visible parts, for only the 5761st part 



16 MSCUANICS. 

of the gold is contained in a single grain of the 
mass* 

The gold-beaters, whom you have seen at 
ii^jDrk in the shops in Long-Acre, can spread a 
grain of gold into a leaf containing fifty square 
inches, and this leaf may be readily divided into 
500,000 parts, each of which is visible to the 
naked eye: and by the help of a microscope which 
magnifies the area of surface of the body 100 
times, 100th part of each of these becomes visi«> 
ble, that is, the 50 millionth part of a grain of 
gold will be visible, or a single grain of that 
metal may be divided into fifty million of visible 
parts. But the gold which covers the silver wire 
used in making what is called gold lace, is^ 
spread over a much larger surface, yet it pre- 
serves, even if examined by a microscope, an 
uniform appearance. It has been calculated 
that one grain of gold under these circumstan- 
ces would cover a surface of nearly thirty square 
yards. 

The na/t^ra/ divisions of matter are still more 
surprising. In odoriferous bodies, such as cam* 
phor, musk, and asafcetida, a wonderful subtilty 
of parts is perceived, for though they are per- 
petually filling a consideraMe space with odo- 
riferous particles, yet these bodies lose but a 
very smdl part of their weight in a great lengtii 
of time. 

Again, it is said by those who have examined 
the subject with the best glasses, and whosei 
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accuracy may be relied on, that there are more 
animals in Uie milt of a single cod-fish, than 
there are men on the whole earth, and that a 
single grain of sand is larger than four millions 
of these animals. Now if it be admitted that 
these little animals are possessed of organized 
parts, such as a heart, stomach, muscles,' veins, 
arteries, &c. and that. they are possessed of a 
complete system of circulating fluids, similar to 
what is found in larger animals, we seem to ajf- 
proach to an idea of th^ infinite divisibility of 
matter. It has indeed been calculated that a 
particle of blood of one of these animalcula is as 
much smaller than a globe one-tenth of an inch 
in diameter, as that globe is smaller than the 
whole earth. Nevertheless, if these particles be 
compared with the particles of light, it is pro- 
bable, that they would be found to exceed them 
in bulk as much as mountains do single grains 
of sand : 

In thousand species of the insect kind ! 

JLost to the naked eye, so wondrous small 

Were millions join'd, one grain of sand would cover all. 

Yet each within its little bulk, contains 
A heart which drives the torrent through its veins ; 
Muscles to move its limbs aright { a brain 
And nerves disposed* for pleasure and for pain ; 
Eyes to distinguish $ sense wherebv to know 
What's good or bad ; is, or b not its foe. Bakxb. 

I might enumerate many other instances of 
the same kind, but these, I doubt not, will be 

b2 ' 
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sufficient to convince you jnto what very minute 
|)arts matter is capable of being divided: and with 
these we will put an end to our present conver* 

sat ion. 



eONVERSATION III. 



Of the Attraction of Cohesion. 

* 

Faiher. Well, my children, have you reflected 
upon what we last conversed about? Do you 
comprehend the several instances which I enu- 
merated as examples of the minute division of 
matter ? 

Emma* Indeed the examples which you gave 
us very much excited my wonder and admira- 
tion, and yet from the thinness of some leaf-gold 
which I once had, I can readily credit all you 
have said on that part of the subject But I 
know not how to conceive of such small animals 
as you described ; and I am still more at a loss 
how to imagine that animals so minute, should 
possess all the properties of the larger ones, such 
as a heart, veins, blood, &e. 

Father. I can, the next bright morning, by the 
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help of my solar microscope^ show you very 
distinctly, the cireulatiou of the blood in a flea> 
which you may get from your littje dog ; and 
with better glasses than those of which I am 
possessed, the same appearance might be seen in 
animals still smaller than the flea, perhaps, even 
in those which are themselves invisible to the 
naked eye. But we shall converse more at 
large on this matter, when we come to consider 
the subject of optics, and the construction and 
uses of the solar microscope. At present we 
Will turn our thoughts to that principle in na- 
ture, which philosophers have agreed to call 
gravity or attraction. 

Charles. If there be no more difficulties in 
philosophy than we met with in our last lecture, 
I do not fear but that we shall, in general, be 
aUe to understand it Are there not, papa, seve- 
ral kinds of gravity ? 

Father, Yes, there are; two of* which it will 
be sufficient for our present purpose to describe ; 
the one is the attraction of cohesion ; the other 
that <ii gravitation. The attraction of cohesion 
is that power which keeps the parts of bodies 
tof^ether when they touch, and prevents them 
from separating, or which inclines the parts of 
bodies to unite, when they are placed sufficient- 
ly near to each other. 

darks. Is it then by the attraction of cohe- 
sion that the parts of this table, or of the pen- 
kiufe> are kept together ? 
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Father* The instances which you have select- 
ed are accurate, but you might have said the 
same of every other solid substance in the room, 
and it is in proportion to the different degrees of 
attraction with which different substances are 
affectedy that some bodies are hard, others soft, 
tough, &c. A Philosopher in Holland, s^lmost 
a century ago, took great pain£| in ascertaining 
the different degrees of cohesion, which belong* 
ed to various kinds of wood, metals, and many 
other substances. A short account of the expe- 
riments made by M. Musschenbroek, you will 
hereafter find in your own language, in the se- 
cond edition of Dr. Enfield's Institutes of Natu- 
ral Philosophy. 

Charles. You opce. showed me that two lead- 
en bullets having a little scraped. from the sur- 
faces would stick together with great force ; you 
called that, I believe, the attraction of cohe- 
sion ? . 

Father, I did : some philosophers who have 
made this experiment with great attention and 
accuracy, assert, that if the flat surfaces, which 
are presented to one another, be but a quarter of 
an inch in diameter, scraped very smooth, and 
forcibly pressed together with a twist, a weight 
of a hundred pounds is frequently required to 
separate them. 

As it is by this kind of attraction that the 
parts of solid bodies are kept together, so when 
any substance is separated or broken, it is only 
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tke attpaction of €o1iesion, that is overcome in 
that particular part * 

Emma. Then, papa, wtien I haci the misfor* 
tune this morning at breakfast, to let my saucer 
slip from my hands, by which it was broken into 
several pieces, was it only the attraction of co* 
hesion that was overcome by the parts of thd 
saucer being separated by its fall on the ground ? 

Faiher% Just so ; for whether you unluckily 
break the china, or cut a stick with your knife, 
or melt lead over the fire, as your brother some* 
times does^ in order to make plummets : these 
and a thousand other instances, which are con-^ 
tinually occurring, are but examples in which 
U)e cohesion is overcome by the fall, the knife, 
or the fire. 

Emma. The broken saucer being highly 
valued by mamma, she has taken the pains to join 
it again with white lead ; was this performed by 
means of the attraction of cohesion ? 

leather. It was, my dear ; and hence you will 
easily learn that many operations in cookery are. 
in fact nothing more than different methods of 
causing thk attraction to take place.' Thus flour, 
by itself, has little, or nothing of this principle, 
but when mixed with milk, or other liquids, to 
a proper consistency, the parts cohere strongly, 
and this cohesion in many instances becomes 
stiir stronger, by means of the iieat applied to it 
in boiling or baking. ^ 
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Charles* You put me in mind, papa, of the 
fable of the man blowing4iot and cold : for in the 
instance of the lead^^re overcomes the attraction 
of cohesion ; and the dame power, heat, when 
applied to puddings, bread, &c. causes their 
parts to cohere more powerfully. How are we 
to understand this ? - 

Father. I will endeavour to remove your diiB*- 
culty. Heat expands all bodies without excep- 
tion, as you shall see' before we have finished our 
lectures. Now the fire applied to metals in or- 
der to melt them, causes such an expansion, that 
the particles are thrown out of the sphere, or 
reach of each other's attraction : whereas the 
heat communicated in the operations of cookery, 
is sufficient to expand the particles of flour, but 
is not enough to overcome the attraction of cohe- 
sion. Besides, your mamma will tell you that the 
heat of boiling would frequently disunite the 
parts of which her puddings are composed, if 
she did not take the precaution of enclosing them 
in a cloth, leaving them just room enough to ex- 
pand without the liberty of breaking to pieces ; 
and the moment they are taken from the Water, 
they lose their superabundant heat, and become 
solid. 

Emma. When Ann the cook makes broth for 
little brother, it is the heat then which over- 
comes the attraction which the particles of meat 
have for eaft other, for I fiave seen her pour off 
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the htoih, and' the meat is all in yags. But will 
not the heat overcome the attraction which the 
parts of the bones have for each other ? 

leather. The heat of boiling water will never 
effect this, but 'a machine was invented several 
years ago, by Mr. Papin, for that purpose. It 
is called Papin's digester, and is used in taverns, 
add in many large families, for the purpose of 
dissolving bones, as completely as a lesser de- 
gree of heat Will liquefy jelly. On some future 
day I will show you an engraving of this ma- 
chine, and explain its different parts, which are 
extremely simple.* 



CONVERSATION IV. 



Of the Attraction of Cohesion. 

Father. 1 will now mention some other in- 
stances of this great law of nature. If two 
polished plates of marble, or brass, be put to- 
gether with a little oil between them to fill up 
the pores in their surfaces, they will cohere so 
powerfully as to require a very considerable 
force to separate them. — ^IVo globules of quick- 

♦ See Vol. IT. Conver. XL. 
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silver placed very near to eaeh other, will run 
together and form one large drop. — Drops of 
water will do the same. — Two circular pieces 
of cork placed upon water at about an inch dis- 
tant will run together.'^-^Balai^ce a piece of 
smooth board on the end of ci scale beam ; then 
let it lie flat on water, and five or six times its 
own weight will be required to separate it from 
the water. IX a small globule of quicksilver be 
laid on clean paper, arid a piec!^ of glass be 
brought into contact with it, the mercury will 
adhere to it, and be drawn away from the paper. 
But bring a larger globule into contact with the 
smaller one, and it will forsake the glass, and 
Unite with the other quicksilver. 

Charles, Did not you tell me that it was by 
means of the attraction of cohesion, that the 
little tea which is generally left at the bottpm 
of the cup instantly ascends in the sugar when 
thrown into it? 

Father. The ascent of water or other liquids 
in sugar, sponge, and all porous bodies, is a 
species of this attraction, and is called capillary^ 
attraction i it is thus denominated from the pro- 
perty which tubes of very small bore, scarce- 
ly larger than to admit a hair, have of causing 
water to stand above its leveL 

Charles. Is this property visible in.no other 
tubes than those, the bores of which are so ex- 
ceedingly fine? 

* From capillus^ the fjatin word for hair. 
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Father, Yes^^ it ia very appareitt in tufaen 
whose diameters are oqe-tenth of an inch or 
laoie in length, hut the smaller the bore, the 
hi|^er the flaid rises ; for it ascends, in all in* 
staacea, till the weight of the columa of water 
IB die tube balances, or is equal to the attrac- 
tion of pie tube* By immersing tubes of dif- 
fereot bores in a vessel of eoloiftred water, you 
will see that the water rises as much higher in 
the smaller tube, than ki the lamr, as its bore 
is less than that of the larger. The water mill 
rise a quarter of an inch, and there remain sus- 
pended in a tube> whose bore is about one- 
eighth of an inch in diameter. ' 

This kind of attraction is well illustrated, by 
taking (Plate i. Fig. 5.) two pieces of glass 
joined together at the side bc, and kept a little 
open at the opposite side An, by a small piece of 
cork B« In this position immerse them in a dish 
of coloured water, fo, and you will observe that 
the attraction of the glass at,, and near bc, will 
cause the fluid to ascend to b, whereas about 
the parts d, it scarcely rises above the level of 
the water in the vessel. 

Charles. I see that a curve is formed by the 
water. . 

Father. Th^e is, and to this curve there are 
many curious properties belonging, as you will 
h^^ter be able to investigate for yourself. 

Emma. Is it not npon the principle of the 

VOL. I. 
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attraetion of cohesion, that carpenters glue their 
work together ? . 

Father. It is upon this principle that carpen- 
ters and cabinet makers make use of elue ; that 
braziers, tinmen, plumbers, &c. solder their 
metals ; and that smiths unite difierent bars of 
iron by means of heat These and a thou^nd 
other operations, of ^hich we are continually 
the witnesses, depend on the same principle as 
that which induced your mamma to use the 
white lead in mending her saucer. And you 
ought to be told, that though white lead is fre- 
quently useid as a cement for broken china, 
glass, and earthen ware, yet if the vessels are 
to be brought again into use, it is not a proper 
cement, being an active poison; besides, one 
much stronger has been discovered, I believe, 
by a very able and ingenious philosopher, the 
late Dr. Ingenhouz, at least I had it from him 
several years ago ; it consists simply of a mix- 
ture of quick-linle, and Gloucester cheese, ren- 
dered soft by warm water, and worked up to a 
proper consistency. 

Emma. What ! do such great philosophers, 
as I have heard you say Dr. Ingenhouz was, at- 
tend to such trifling, things as these? 

Father. He was a man deeply skilled in many 
branches of science ; and I hope that you and 
your brother will one day make yourselves ac- 
quainted with many of his important discove- 
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ties. But no real philosopher will consider it 
beneath his attention to add to the conveniences 
of life. 

Charles. This attraction of cohesion seems to 
pervade the whole of nature. 

Father., It does, hut you will not forget that 
it acts only at very small distances. Some bo- 
dies indeed appear to possess a power the reverse 
of the attraction of cohesion. 

Emma. What is that, papa? 
• Father. It is called repulsion. 
Thus water repels most bodies till they are wet. 
A small needle carefully placed on water will 
swim : flies walk upon it without wetting their 
feet: 

Or bftthe unwejt their oily forms, and dwell 
Witb feet repulsive on the dimpling well. 

Dabwht. 

The drops of dew which appear in a morning 
on plants, particularly on cabbage plants, assume 
a globular form, from the mutual attraction be- 
tween the particles of water; and upon examina- 
tion it will be found that the drops do not touch 
the leaves, for they will roll oflf in compact bo- 
dies, which could not be t^e case if there sub- 
sisted any degree of attraction between the water 
and the leaf. , 

If a small thin piece of iron be laid upon 
quicksilver, the repulsion between the different 
metals will cause the surface of the quicksilver 
near the iron to be depressed. 
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out of the sphere of the earth's attraction, they 
would, in that case, assuredly fall towards each 
other, and that with increased velocity .«s they 
came nearer. If the bodies were equals they 
would meet in the iniddle point between the 
two ; but if they were unequal, they would then 
l^aeet as much nearer the larger one, as that 
contained a greater quantity of matter than the 
other. 

Charles. According to this, the earth ought 
to move towards falling bodies, as well as they 
move to it 

Father. It ought, and, in just theory, it dpes ; 
but when you ca^lculate how many million of 
times larger the earth is than any thhig belong- 
ing to it, and if you reckon at the same time, 
the small distances from which bodies can fall^ 
you will know that the point where the falling 
bodies and earth will meet, is removed only to 
an indefinitely small distance from its surface, 
a distance much too small to be conceived by 
the human imagination. 

We will resume ^e subject jo{ gravity to- 
morrow. 
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foot from the candley for these, as you know, arc 
the squares of the numbers, 3, 4, 5, and 6. The 
same is applicable to the heat imparted by a fire ; 
at the distance of one yard frpm which, a per- 
son will enjoy four times as much heat, as he 
who sits or stands two yards from it; and nine 
times as much as one that shall be renioved to 
the distance of three yards. ^ 

Charles, Is then the attraction of gravity 
four times less at a yard distance frolh the earth, 
than it is at the surface ? 

Father. No ; whatever be the cause of attrac- 
tion, which to this day remains undiscovered, it 
acts from the centre of the earth, and not from 
its surface, and hence the difference of the power 
of gravity cannot be discerned at the small dis- 
tances to which we can have access ; for a mile 
or two, which is much higher than, in general, 
we have opportunities of making experiments, 
is nothing in comparison of 4000 miles, the 
distance of the centre from the surface of the 
earth. But could we ascend 4000 miles above 
the earth, and of course be double the distance 
that we now are from the centre, we should there 
find that the attractive force would be but one- 
fourth of what it is here; or in other words, 
that a body, isrhich, at the surface of the earth, 
weighs one pound, and, by the force of gravity, 
falls through sixteen feet in a second of time, 
would at 4000 miles above the earth weigh but a 
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quarter of a pound, and fall through only four 
feet in a second.* 

Emma, How is that known, papa, for nobody 
ever was there ? 

Father, You are right, my dear, for Garne- 
rin, who last summer astonished all the people 
of the metropolis and its. neighbourhood, by his 
flight in a balloon, ascended but a little way in 
comparison of the distance that we are speaking 
oL However, I will try to explain in what man- 
ner philosophers have come fcy their knowledge 
on this subject. ' . 

The mooii is a heavy body, connected with 
^ the earth by this bond of attraction, and by the 
most accurate observations, it is known to be 
obedient to the same laws as other heavy bodies 
are : its distance is also clearly ascertained^ 
being about ,240,000 miles, or equal to about 
sixty semi-diameters of the es^rth, and of course 
the earth^s attraction upon the moon ought tp 
diminish in the proportion of the square of this 
distance, thali is, it ought to be 60 times 60, or 



* Ex. Suppose it were reqmre<3 to find the weight of a 
leaden ball, at the top of a moimtain three miles high, which 
on the surface of the earth weighslKOIb. , 

If the semi-diameter of the earth he taken at 4000 ; theii 
add to this the height of the mountain, and say as the square 
of 4003 is to the square of 4000, so is 201b. to a fourth pro- 
portional : or as 16024009 : IQOOOOOO : : 20 : 19.97 or some- 
thing more than 191b. IS^ oz. which is the weight of the 
leaden ball vX the top of the mountain. 
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d600 timed les9 at the moon than it is^t the sur- 
face of the earth. This is found to be the case. 

Again, the earth is not a perfect sphere, but a 
upheroid, that is, of the shape of an orange, 
rather flat at the two ends called the poles, and 
the distance from the centre to the poles is about 
.eighteen or nineteen miles les^ than its distance 
from the centre to the equator, consequently-, 
bodjes ought to be something heavier at, and 
iiear the poles, than they are at tiie equator, 
which is also found to be the case. Hence it is 
inferred that the attraction of gravitation varies 
Ut all distances from the centris of the earth, in 
proportion as the squares of those distances 
increase. * * 

Charles. It a^ems very surprising that philo*' 
Bophers, who have dtscovered so many things, 
havje not been able to find out the cause of gra- 
vity. Had Sir Isaac Newton been asked why a 
marble, dropped from the hand, falls to the 
ground, could he not have assigned a reason? 

Father. That great man, probably the great- 
est man that ever adorned this world, /was as 
modest as he was gteat, an4 ^e would have told 
yoii he knew not the cause. 

The exceltent and learned Dr. Price, in a 
work which he published twenty -five years ago, 
i^kS|^ <<who does not remember a time ^hea tie 

. % 

-^See Vol. I. Gonyer. XXVH. - 
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would have wondered at the question, uyhy dots 
water run doxon hill? What ignorant man is 
there who is not persuaded that he understands 
this perfectly ? But every improved man knows 
it to be a question he cannot answer. '' For the 
descent of water, like that of other heavy bo- 
dies^ depends upon the attraction of gravitation, 
the cause of which is still involved in darkness, . 

Emma. You just now said that heavy bodies 
by the force of gravity fall sixteen feet in a se- 
cond of time, is that always the case? . 

Father, Yes, all bodies near the surface of 
the earth fall at that rate in th^ first second of 
time, but as the attraction of gravitation is 
continually acting, so the velocity of falling bo- 
dies is an increasing, or, as it is usually called, 
an accelerating velocity. It is found by very- 
accurate experiments, that a body, descending 
from a considerable height by the force of gra- 
vity, falls 16 feet in the first second of time ; 3 
times 16 feet in the next; 5 times 16 feet in the 
third; 7 times 16 feet in the fourth second of 
time ; and so on, continually increasing accord- 
ing to the odd numbers^ 1, 3, 5, 7, 9, 11, &c. 
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CONVERSATION VIIL ' 



Of thp Attraction pf Gravitation. 

Bmma. And would a ball of twenty pounds 
^weight here^ weigh half an punpe less on the 
top of the monntain ? 

Father. Certainly : but you would not be able 
to ascertain it by means of a pair of scales, and 
another weight, because both weights being in 
similar situatipns woald lose equal portions of 
their gravity. 

Emma. How, then, would you make the ex« 
periment? * 

Faifter, By means of pue of those steel spiral- 
spring instruments, which you have seen occa- 
sionally used, the fact might be ascertained. 

Chftrles. }. think, from w>\it ydu told us yes« 
' terday, that with the assistance of your stop- 
watch, I could tell the height of any place, by 
observing the number of seconds, that a marble 
or other ne^vy body would take in falling from 
. that height « 

Father, ifbw would you perform the calcu- 
lation ? 

Charles. I should go through the multiplica- 
tions according to the number of seconds^ and 
then add them together* 



ATTRACTIOy OV aSAVlTATIOF. 43 

Father. ExplaSn yourself more particularly : 
supposing vou were to let a marble or penny- 
piece fall aot<hi that deep well which we saw 
last summer in the brick Md near Ramsgate^ 
aod that it was exactly Ave seconds in the de- 
scent, what weald be the depth of the well? 

Charles. In the first second it would fail 16 
feet; in the next 8 times 16 or 48 feet; in the 
third 5 times 16 or 80 feet; in the four^ 7 
times 16 or 112 feet; and in the fifth second 9 
times 16 or 144 feet ; now if I add 16, 48, 80, 
112, and 144 together, the sum will be 400 feet* 
which, according to your rule, is the depth of 
the well. But was the well so deep? 

Father. I do not think it was, but we did not 
make \he experiment ; should we' ever go to that 
place again, you may satisfy your curiosity. 
You recollect that at Dover Casde we were told 
of a well there 360 feet deep. 

Though ytnir calculation was accurate, yet it 
was not done as nature effects her operations, it 
was not performed in the shortest way. 

Charles. I should be pleased to know an easier 
method; this^ however, is very simple, it re- 
quired nothing but multiplication and addition. 

Father. True, but suppose I had given you an 
example in which the number of seconds had 
been fifty instead of five, the work would have 
taken you an hour or more to have performed 
it: whereas, by the rule which \ am going to 
give^ it might have been done in half a minute^ 
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Charles.. Pray let me have it, papa, I hope it 
will be easily remembered. 

Father. It will ; I think it cannot be forgotten 
after it is once understood. The rule is this, 
^^.the spaces deacribed by a body falling freely 
from a slate of rest, increase as the sQ,nAR£s 
of the times increase.^' Consequently you have 
only to square the number of seconds, that is, 
you know, to multiply the number into itself; 
and then multiply that again by sixteen feet, the 
space which it describes in the first second, and 
you have the required answer. Now try the 
example of the well. ^ 

Charles, The square of 5, for the time, is 25, 
which multiplied by 16 gives, 400 just as I 
brought it out befiore. Now if the seconds had 
been 50, the answer would be 50 times 50, which 
is 2500, and this multiplied by 16, gives 40,000 
for the space required. 

Father. I will now ask your sister a question, 
to try how she has understood this subject. Sup- 
pose you observe by this watch that the time of 
the flight of your brother's arcow is exactly six 
seconds, to what height d0es it arise ? 

Emma. This is a different qaestion, because 
here the ascent as well as the fall of the arrow 
is to be coniiidered. 

Father.' But you will remember, that the 
time of the ascent is always equal to that of 
the descent ;^ for as the velocity of the descent 
is generatedh by the force of gravity, so is 
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the velocity of the ascent destroyed by the same 
force. X • 

JSlmma. Then the arrow was three seconds 
only in falling ; now the square of 3 is 9, which 
multiplied by 16, for the number of feet describ- 
ed in the first second, is equal to 144 feet, the 
heif^ht to which it rose. 

Pather. Now, Charles, if I get you a bow 
which will carry an arrow so high as to be 
fourteen seconds in its flight, can you tell me 
the height to which it ascends? 

Charles. I can now answer you without hesi* 
tation>-4t will be 7 seconds in falling, thft 
square of which is 49, and this again multiplied 
by 16 wiH give 784 feet> or rather more than 
5261 yards fo^ the answer. "^ 

Father, If ypn will now consider the example 
wli|eh you did the long way, you wiU see that 
the rule which I have given you answers very 
completely. In the first second the bo Jy fell 16 
feet, and in the next 48, these added together 
make 64, which is the square of tJije 2 seconds 
multiplied by 16. The same holds true of the 
3 first seconds, for in the third second it fell 80 
feet, which added to the 64, give 144 equal to 
the square of 3 multiplied by 16. Again, in 
the fourth second it fell 11!^ feet, which added to 
lAAj gives 1^46 eqtfal to the square of 4 multi- 
plied by 16 : and in the fifth second it fell 144 
feet, which added to S56, give 400 equal to the 
square of 5 multiplied by 16. Thus you wiU 



findy the rule holds in all cases, thai the spaces 
described by bodies falling freely from a state 
qf rest J increase as the squares of the times 
hicrease, 

Charles. I think I shall not forget the rule. I 
will also show my cousin Henry how he may 
know the height to which his bow will carry. 

Father. The surest way of keeping what 
knowledge we have obtained, is by communi- 
cating it to our friends. 

Charles. It is a very pleasant circumstance, 
indeed, that the giving away is the best method 
of keeping, for i am sure, the being able to 
oblige one's friends is a most delightful thing. 

Father. I have but a word or two more upon 
the subject: since the whole spaces described 
increase as the squares of the times increase, so 
also the velocities of falling bodies increaMt in 
the same proportion; .for you know that the 
velocity must be measured by the space passed 
through. Thus if a persojn travels six miles an 
hour, and another person travels twelve miles in 
the same tfihe, the latter will go with double the 
velocity of the former: consequently the t;e/ofi- 
ties of falling bodies increase as the squares of 
the times increase. 

If now you compare the spaces described by 
falling bodies in the several moments of time 
taken separately^ and in their order from the 
beginning of the fall, then they, and consequent-^ 
\y their velocitiqs also, are to one another as the 
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odd numbers^ I9 3, 5^ 7, 9, 11, IS) &c. taken in 
their natural order, as you will observe by re- 
flecting on the iforegoing examj^les. 

With this we conclude our present conversa- 
tion. 



CONVERSATION IX, 



of the Centre of Gravity. 

Fathtr. We are now going to treat upon the 
Centre of Gravity^ which is that point of a body 
in which its whole weight is as it were concen- 
trated; and upon which if the body be freely sus- 
pended it will rest; and in all other positions it 
will endeavour to descend to the lowest place to 
which it can get 

Charles. All bodies then, of whatever shape, 
have a centre of gravity? 

Father. They have : and if you conceive a 
line drawn from the centre of gravity of a body 
towards the centre of the earth, that line is 
called the line of direction, along which every 
body, not supported, endeavours to fall. If the 
line of direction fall within the base of any body. 



46 uACBAxnci. 

it will stand; but if it' does not fall mthia the 
base, the body will fall. 

If I place the'piece of wood a (Plate x. Fig. 
7.) on the edge of a table, and from a pin a at 
its centre of gravity be hung a little weight b, 
the line of direction ab falls within the base, and 
therefore, though the wood leans, yet it stands 
secure. But if upon A, another piece of wood b 
be placed, it is evident that the centre of gravity 
of the whole will be now raised to c, at which 
point if a weight be hung, it will be found that 
the line of direction falls out of the base, and 
therefore the body ihust fall. 

Emma, I liiink I now see the reason of the 
advice which you gave me, when we were going 
across the Thames in a boat 

Father. I told you that if ever you were over- 
taken by a storm, or by a squall of wiild while 
you were on the water, never to let your fears so 
get the better of you, as to make you rise from 
your seat, because by so doing you would elevate 
the centre of gravity, and thereby^ as is evident 
by the last experiment, increase the danger: 
whereas, if all the personsr in the vessel were, 
at the moment of danger, instantly to slip from 
their places on to the bottom, the risk would be 
exceedingly diminished, by bringing tha centre 
of gravity much lower within the vessel. The 
same principle is applicable to those who may 
be in danger of being overturned in any carriage 
whatever. 



CENTRE OF ORAVITT. 49 

. Emma, Surely then, pa|>a, those stages which 
load their tops with a dozen or more people^ 
eannot be safe for the passengers. 

Father. They are very unsafe, but they would 
be more so, were not the roads about the metro- 
polts remarkably even and good: and, in gene- 
ral, it is only within twenty or thirty miles of 
London, or other great towns, that the tops of 
carriages are loaded to excess. 

Charles. I understand then, that the nearer 
the centre of gravity is to the .base of a body, 
the firmer it will stand. 

Father. Certainly ; and hence you learn the 
reason why conical bodies stand so sure on their 
bases, for the tops being small in comparison of 
the Ic 7«r parts, the centre of gravity is thrown 
very low: and if the cone be upright or perpen- 
dicular, the line of direction falls in th^ middle 
of the base, which is another fundamental pro- 
perty of steadiness in bodies. Fpr the broader 
the base, and the nearer th6 line of direction is 
to the middle of it, the more firmly does a body 
stand : but if the line of direction fall near the 
edge, the body is easily overthrown. 

Charles. Is that the reason why a ball is so 
easily rolled along a horizontal plane? 

Father. It is ; for in all spherical bodies, the 
base is but a point, consequently almost the 
smallest force is sufficient to remove the line of 
direction out of it. Hence it is evident, that 
heavy bodies situated on an inclined plane will.. 

VOL. I. — IR 
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while the line of direction falls within the base, 
slide down upon the plane : but they will roll 
when that line falls without the base. The body 
A (Plate I. Fig. 8.) will slide down the plane 
])£, but the bodies b and o will roll down it 

Emma. I have seen buildings lean very much 
out of a straight line, why do they not fall ? 

Father. It does not follow, because a building 
leans, that the centre of gravity does not fal( 
within' the base. There is a high tower at Pisa, 
a town in Italy, which leans fifteen feet out of 
the perpendicular; strangers tremble to pass 
by it, still it is found by experiment that th& 
line of direction falls within the base, and 
therefore it will stand while its materials hold 
together. i.r 

A wall at Bridgenorth, in Shropshire, which 
I have seen, stands in a similar situation, for so 
long as a line cb (Pate n. Fig. 9.) let fuJl from 
the centre of gravity c of the building ab, passes 
within the base cb, it will remain. firm, unless 
the materials with which it is built go to decay. 

Charles.' It must be of great use in many 
cases to know the method of finding the centre 
of gravity in different kinds of bodies. 

Pather. There are many eflasy rules for this 
with respect to all manageable bodies; I will 
mention one, which depends on the pi^opeity 
which the centre of gravity has, of always en- 
deavouring to descend to the lowest point 

If a body a (Plate xi. Fig. 10.) be freely sus- 
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p6nded on a pin a, and a plumb line a b be hung 
by the same pin, it will pass through the centre 
of gravity, for that centre is not in the lowest 
point, till it fall in the same line as the plumb 
line. Ma^k the line a b; then hang the body up 
by any other point, as d, with the plumb line 
DE, which will also pass through the centre of 
gravity for the same reason as before; and 
therefore as the centre of gravity is somewhere 
in a B, and also in some point of oe, it must be 
in the point c where those lines ctosr* 
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Of the Centre of Gravity. 

Charles. How do those people who have to 
load carts and wagons w\th light goods, as hay, 
vrool, &c., know where to find the centre of 
gravity ? 

Father. Perhaps the generality of them never 
heard of such a principle ; and it seems surpris- 
ing that they should nevertheless make up their 
loads with such accuracy as to keep the liite of 
direction in or near the middle of the base. 
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Emma. I Iiave sometimes trembled to pass 
by the hop-wagons which we have met on the 
Kent road. 

Father. And without any impeachment of 
your courage, for they are loaded to such an 
enormous height, that they totter every inch of 
the road. It would indeed be impossible for one 
of these to pass with tolerable security along a 
road much inclined ; the centre of gravity being 
iremoved so high above the body of the car- 
riage, a small declination on one side or other 
would throw the line of direction out of the 
base. 

Mmma. When brother James falls about, is 
it because he cannot keep the centre of gravity 
between his feet? 

Father. That is the precise reason why any 
person, whether old or young, falla And hence 
you learn that a man stands much firmer with 
his feet a little apart than if they were quite 
close, for by separating them he increases the 
base. Hence also the difficulty of sustaining a 
tall body, as a walking cane, upon a narrow 
foundation. 

Emma. How do rope and wire dancers, whom 
I have seen at the Circus, manage to balance 
themselves? 

Father. They generally hold a long pole, 
with weights at each end, across the rope on 
which they dance, keeping their eyes fixed on 
some object, parallel to the rope, by which 
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means they know when their centre of gravity 
declines to one side of the rope or the other^ and 
thas by the help of the pole, they are enabled 
to keep the centre of gravity over the base, 
narrow as it is. It is not however rope-dancers 
only that pay attention to this principlf, but 
the most eonimon actions of Uie people in gene- 
ral are regulated by it 

Charles, In what respects? 

fhiier. We bend forward, when we, go up 
stairs, or rise from our chair, for when we are 
fitting, our centre of gravity is on the seat, and 
the line of direction falls behind our base ; we 
therefore lean forwards to bring the line of di- 
rection towards our feet. For the same reason 
a man carrying- a burden on his baok leans for- 
ward: and backward if he carries it .on his 
breast If the load be placed on one shoulder 
he leans to the other. If we. slip or stumble 
with one foot, we naturally extend the opposite 
arm, making the same use of it as the rope- 
dancer does of his pole. 

This property of the centre of gravity always 
endeavouring to descend, will account for ap^ 
pearances, which are sometimes exhibited to ex- 
cite the surprise of spectators. 

Emma. What are those, papa? 

Father. One is, that of a double cone, ap- 
pearing to roll up two inclined planes, forming 
an angTe with each other, for as it ndls it sinto 

E 2 
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between them, and by that means the centre of 
gravity is actually descending. 

Let a body fe (Plate ii. Fig. 13.) consiating 
of two equal cones uniting at their bases, be 
placed upon the edges of two straight smooth 
rulers, A3 and cd, which at onie end meet in an 
angle at a, and rest on a horizontal plane j and 
at the other are raised a little above the plane ; 
the body will roll towards the elevated end of 
the rulers, and appear to ascend ; the parts of 
the cone that rest on the rulers growing smallei* 
as they go over a large opening, and thus letting 
it down, the centre of gravity descend* But 
you must remember that the height of the planes 
must be less than the radius of the base of the 

cone. 

C harks. Is it upon this principle that a cylin** 

der is made to roll up hill ? 

Father, Yes, it is ; but this can be effected 
only to a small distance. If ^ cylinder of paste- 
board, or very light wood ab, (Plate ii. Fig. 
11.) having its centre of gravity at c, be placed 
on the inclined plane cd, it will roll down the 
inclined plane, because a line of direction from 
that centre lies out of the base. If I how fill 
the little hole o above with a plug of lead, it will 
roll up the inclined plane, till the lead geta near 
the base, where it will lie still: because the 
centre of gravity, by means of the lead, is re* 
ti)ioved from c towards the plug, and therefore 
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is descending, though the cylinder is ascend- 
ing, f 

Before I put an end to this subject, I will 
show you another experiment, which* without 
understanding the principle of the centre of 
gravity cannot be explained. Upon this stick 
A, (Plate II. Fig. 12.) which, of itself, would 
fall, because its centre of gravity hangs over 
the table £f, I suspend a bucket b, fixing 
another stick a, one end in a notch between a 
and k, and the other against the inside of the 
pail at the bottom. Now you will see that the 
.bucket will, in this position, be supported, 
though filled with water. For the bucket being 
pushed a little out of the perpendicular, by the 
stick a, the centre of gravity of the whole is 
brought under the table, and is consequently 
supported by it. 

The knowledge of the principle of the centre 
of gravity in bodies, will enable you to explain 
the structure of a variety of toys which are put 
into the hands of children, such as the little 
saucer ; rope-dancer ; tumbler, fyc. 
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CONVERSATION Xl. 



On tile Laws of Motion. 

Charles, Are jrou now going, papa, to de- 
scribe those machines, which you call mechanic 
cal powers? 

Father. We must, I believe, defer that a day 
or two longer, as I have a few more general 
principles with which I wish you previously to 
be acquainted. 

Emma, What are these, papa ? 

Father. In the first place, you must well uq« 
derstand what are denominated the three gene- 
ral laws of motion : the first of which is, ^^that 
every body will continue in its state o/restj or of 
uniform motion, until it is compelled by some 
force to change its state,^** 

Charles, There is no difiiculty of conceiving 
that a body, as this inkstand, in a state of rest, 

^ The author is aware that this Law of Motion is not ad- 
mitted by some modem philosophers of high name < to him, 
bowever, Uieir reasoningfs appear inconclanve. At any rate, 
in a work intended for veiy young minds, he thinks it a duty 
to avoid metaphysical distinctions : preferring, at all tiroes, 
rather tog^ide them by matters of fact than to load their 
tender memories with curious and subtile theories. 
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must alvirays remain so, if no external force be 
impressed upon it to give it motion. But I know 
of no example which will lead me to suppose^ 
that a body once put into motion would of itself 
continue so. 

Father. You will, I think, presently admit 
the latter part of the assertion, as well as the 
former, although it cannot be established by 
experiment 

Emma. I shall be glad to hear how this is. 

Father. You will not deny that the ball which 
you strike from the trap, has no more power 
either to destroy its motion, or cause any change 
in its velocity, than it has to change its shape. 

Charles. Certainly ; nevertheless, in a few 
seconds after I have struck the ball with all my 
force, it falls to the ground, and then stops. 

Father. Do you find no difference in the time 
that is taken up before it comes to rest, even 
supposing your blow the same ? 

Charles. Yes, if I am playing on the graiss, it 
rolls to a less distance, than wl^en I play on the 
smooth gravel. 

Fath&r. You find a like difference when you 
are playing at marbles, if you play in the 
gravel cour|, or on the .even pavement in the 
arcade. 

Charles. The marbles run so easily on the 
smooth stones in the arcade, that we can. scarce- 
ly shoot with a force small enough. 
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Emma. And I remember Charles atid my 
cousin were, last winter, trying how far they 
could shoot their marbles along the ice in the 
canal ; and they went a prodigious distance, in 
comparison pf that which they would have gone 
on the gravel, or even on *uie pavement in tte 
arcade. 

Father. Now these instances properly applied 
will convince ypu, that a body once put into 
motion, would go on for ever, if it were not 
eompelled by some external force to change its 
state. 

' Charles. I perceive what you are going to 
say : — it is the rubbing or friction of the mar- 
bles against the ground which does the business. 
For on the pavement tiiere are fewer obstacles 
than on the gravel, and^ fewer on the ice thmn 
on the pavement ; and hence you would lead us 
to conclude, that if all obstacles were removed, 
they might proceed on for ever. But what are 
we to say of the ball, what stops that ? 

Father. Besides friction, there is another and 
still more important circumstance to be taken 
into consideration, which affects the ball, mar- 
bles, and every body in motion. 

Charles. I understand you : that is the attrac- 
tion of gravitation. 

Fat fur. It is : for from what we said when we 
conversed on that subject, it appeared that gra- 
vity has .a tendency to bring every body in mo- 
tion to the earth ; consequehUy, in a few seconds. 
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your ball must come to the ground by that cause 
alone ; but besides the attraction of gravitation, 
there is a resistance which the air, through 
which the ball moves, makes to its passage. 

Emma. That cannot be much. I think. 

Father. Perhaps, with regard to the ball 
struck from your brother's trap, it is of no great 
consideration, because the velocity is but small ; 
but in all great velocities, as that of a ball from 
a musket or cannon, there will be a material 
difference between the theory and practice, if it 
be neglected in the calculation. Move your 
mamma's riding- whip through the air slowly, 
and you observe nothing to remind you that there 
is this resisting medium ; but if you swing it 
%vith considerable swiftness, the noise which it 
occasions will inform you of the resistance it 
meets with from something, which is the atmo- 
sphere. 

Charles. If I now understand you, the force 
which compels a body in motion to stop, is of 
three kinds; (1.) the attraction of gravitation ; 
— (2.) the resistance of the air;-^^nd (3.) the 
resistance it meets with from friction. 

Father. You are quite right 

Charles. I have no difficulty of conceiving, 
that a body in motion, will not come to a state 
of rest, till it is brought to it by an external force, 
acting upon it in some way or other. I have 
seen a gentleman, when skating on very slippe- 
ry ice, go a great way without any exertion to 



60 MECHANICS. 

himselfy but where the ice was rough, he eould 
not go half the distance without making fresh 
efforts. 

Father. I will mention another instance or 
two an this law of motion. Put a basin of water 
into your- little sister's wagon, and wh^ the 
water is perfectly still, move the wagon, and the 
water, resisting the motion of the vessel, will at 
iirst rise up in the direction contrary to that in 
which the vessel moves. If, when the motion of 
the vessel is communicated to the water, you 
suddenly stop the wagon, the water, in endea* 
vouring to continue the state of motion, rises up 
on the oppomte side. 

In like manner, if while you are sitting qui- 
etly on your horse, .the animal starts forward, 
you will be in danger of falling off backward ; 
but if while you are galloping along, the animial 
stops on a sudden, you will be liable to be 
thrown forward. 

Charles. This I know by experience^ but^I 
was not aware of the. reason of it till to-day. 

Father. One of the first, and not least imporw 
tant uses of the principles of natural philosophy 
is, that they may be applied to, and will explain 
many of the common concerns o{ life. 

We now come to the second law of motion, 
which is ; — **ihat the change qf motion is pro- 
portional to the force impressedy and in the 
direction qf that force. " 

Charles. There is no difficulty in this, for if 
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while my cricket-ball is rolling along af1|«r 
Heniy has struck it, T strike it again, it goes od 
with increased velocity, and that in proportion 
to the strength which I exert on the occasion ; 
whereas, if while it is rolling, I strike it back 
again, or give it a side blow, I change the di- 
rection of its course. 

Fathet, In the same way, gravity, and the re- 
sistance of the atmosphere, change the direc- 
tion of a cannon-ball from its course in a straight 
line, and bring it to the ground ; and the ball 
goes to a further or less distance in proportion 
to the quantity of. powder used. 

The third law of motion is r— :" that to every 
action of one body upon another^ there is an 
equal and contrary re-actionJ^ If I strike this 
table, I communicate to it (which you perceive 
by the shaking of the glasses) the motion of my 
hand ; and the table redacts against my hand just 
as much as my hand acts against the table. 

If you press with your finger one scale of a 
balance to keep it in equilibrio with a pound 
^veight in the other scale^ you will perceive, that 
the scale pressed 1^ the finger, acts against it 
with a force equal to a pound, with which the 
other scale endeavours to descend. 

A horse drawing a heavy load^ is as much 
drawn back by the load as he draws it forward. 

Emma. I do not comprehend how the cart 
draws the horse. 

Father. But the progress of the horse is im* 

VOL. I. — P 
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peded by the load, which is the same thing : for 
the force which the horse exerts would carry him 
to a greater distance in the same time, were he 
freed from, the incumbrance of the load, and 
therefore, as much as his progress falls short of 
that distance, so much is be, in effect, drawn 
back by the re-action of the loaded cart 

Again, if you and your brother were in a boat, 
and if, by means of a rope, you were to attempt 
to draw another to you, the boat in which you 
were would be as much puUed towards the emp- 
ty boat as that would be moved to you; and if the 
weight of the two boats were equal, they would 
meet in a point half way between the two* 

If you strike a glass bottle with an iron ham- 
mer, the blow will be received by the hammer 
and the glass ; and it is immaterial whether the 
hammer be moved against the bottle at rest, or 
the bottle be moved against the hammer i^t rest, 
yet the bottle will be broken, though the hammer 
be not injured, because the same blow, which is 
sufficient to break glass, is not sufficient. to break 
or injure a mass of iron. 

From this law of motion you may learn in 
what manner a bird, by the stroke of its wings, 
is able to support the weight of its body. 

Chdrles. Vv^iy explain this, papa. 

Father. If the force with which it strikes the 
air below it, is e^ual to the weight of its body, 
then the re-actiua of the air upwards is likewise 
eq^ual to it; and the bird being acted upon hy 
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two equal forees in contrary directions, will rest 
between them^ If the force of the stroke is 
greater than its weight/ the bird will ri^e with 
the difference of these two forces ; and if the 
stroke be less than its weight, then it will sink 
witii the difference. 
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On the Laws of Motion. 

Oharles. Are those laws of motion which ytnx 
explained yesterday of great importance in na- 
tural philosophy ? 

Father. Yes, they are, and should be carefully 
committed to memory. They were assumed by 
Sir Isaac Newton, as the fundamental principles, 
of mechanics, and you will find them at the head 
of all books written on these subjects. From 
these also, we are naturally led to some other 
branches of science, which, though we can but 
slightly mention, should not be wholly neglect- 
ed. They are, in fact, but corollaries to the 
laws of motion. 

Eriima. What is a corollary, papa ? 
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Father, It is nothing more than some truth 
clearly deducible from some ot^er truth before 
demonstrated or admitted. Thus by the first law 
of motion^ every body must endeavour to con^ 
tinue in the state into which it is put ^ whether 
it be of rest 9 or uniform motion in a straight 
line r from which it follows as a corollary, <<that 
when we see a body move in a curve line, it 
must be acted upon by at least two forces." 

Charles. When I whirl a stone round in a 
sling, what are the two forces which act upon 
the stone? 

Father. There is the force, by which, if you 
let go the- string, the stone will fly off in a right 
line ; and there is the force of the hand, which 
keeps it in a circular motion. 

Emma. Are there any of these circular mo- 
tions in nature? 

Father, The moon, and all the planets move 
by this law ;-^— to take the moon as an instance. 
It has. a constant tendency* to the earth, by the 
attraction of gravitation, and it has also a ten- 
dency to proceed in a right line, by that pro- | 
jectile force impressed upon it by the Creator, ■ 
in the same manner as the stone flies from your 
hand ; now, by the joint action of these two for- 
ces it describes a* circular motion. 

Emma, And what would be the consequence, 
supposing the projectile force to cease? 

Father. The moon must fall to the earth ; and 
if the force of gravity i?vere to cease acting upon 
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the moon, it would fly off into infinite space. 
Now the projectile force, when applied to the 
planets, is called the centri/ngalfor^, as having 
a tendency to recede or fly from the centre ; and 
the other force is termed the centripetal force, 
from its tendency ta some point as a centre. 

Charles. And all this is in, consequence of the 
ioaetivity of matter, by which bodies have a ten- 
deney to continue in the same state they are in, 
whether of rest or motion ? 

Father. You are right ; and this principle^ 
which Sir Isaac Newton assumed to be in all 
bodies, he called their vis inertia. 

Charles^ A few mornings ago, you showed us 
that the attraction of the earth upon the moon* 
is 3600 tin>es less than it is upon heavy bodies 
near the earth's surface. Now as this attraction 
is measured by the space fallen through in a 
given time, I have endeavoured to calculate the 
space which the moon would fall through in a 
minute, were the projectile force to cease. 

IBather. Well, and how h^ve you brought it 
out ? ' 

Charles. A body falls 16 feet in the first 
second, consequently in a minute, or 60 seconds 
it would fall 60 times 60 feet, multiplied by 16, 
that is 3600 feet, which is to be multiplied by 16 ; 
and as the moon would fall through 3600 times 
less space in a given time than a body here, it 
would fall only 16 feet in the first minute. 

•Sec ConTersation IV, 
F 2 
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Father. Your calculation \n accurate. I will 
recall to your mind the second law, by which it 
appears, that every motion or change of motion 
producedin a body, must beproportionalto, and 
in the direction ofj the force impressed There- 
fore, if a moving body receives an impulse In the 
direction of its motion, its velopity will be increas- 
ed ;^if in the contrary direc^tion, its velocity 
will be diminished ;— but if the force be impress- 
ed in a direction oblique to that in* which it 
moves, then its direction wiU be between that of 
its former motion, and that of the new force im- 
pressed. 

Charles. This I know from the observations I 
have made with my cricket-ball. 

Father. By this second law of motion, you 
will easily understand, that if a body at rest re- 
ceives two impulses, at the sam^ time, from for- 
ces whose directions do not coincide, it will, by 
their joint action, be made to move in a line 
that lies between the direction of the forces im- 
pressed. • 

JEmma. Have you any machine to prove this 
satisfactorily to the senses ? 

Father. There are many such invented by 
different persons, descriptions of which you 
will hereafter find in various books on these sub- 
jects. But it is easily understood by a figure. 
If on the ball a, (Plate if. Fig. 14. ) a force be 
impressed, sujScient to make it move with a 
uniform velocity to the point b, in a second of 
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time ; and if aaother force be also impressed on 
the ball, which alone would make it move to the 
point c, in the same time ; the bali, by means of 
the two forces, will describe the line a d, which 
is a diagonal of the figure, whose sides are a c 
and A B. 

Charles. How ih€n is motion produced in the 
direction of the force ; according to the second 
law, it ought to be in one case, in the direction 
A c, and in the other, in that of a b, whereas, it 
is in that of a d ? ' 

Father. Examine the figure a little attentive- 
ly, carrying this in your mind, that for a. body 
to move in the same direction^ it is not necessary 
that it should move in the same straight line; 
but that it is sufficient to move either in that 
line, or in any one parallel to it. 

Charles. I perceive then that the ball when 
arrived at d, has moved in the direction a c, be- 
cause B D is parallel to a c ; and also in the di- 
rection A B, because c d is parallel to it. 

. Faiher. And in np other possible situation but 
at the point d could this experiment be conform- 
able to the second law of motion^ 
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CONVERSATION XIII. 



On the Laws of Motion. 

Father. If you reflect a little upon what we 
said yesterday oo the second law ol motion, you 
will readily deduce the following corollaries : 
(Platf II. Fig 14.) 

1. That if the forces be equal, and act at right 
angles to one another, the line described by the 
ball will be the diagonal of a square. But in all 
other cases, it will be the diagonal of a paral- 
lelogram of some kind. 

2. By varying the angle, and the forces^ you 
vary the form ofyour parallelogranr). 

Charley. Ye9, papa ; j»nd I see aTiQther con- 
sequence, viz. that the" motions of two. forces 
acting conjointly in this way, are not so great 
as when they act 9eparately. 

Father. Th^t is true^ and you are Jed lo the 
conclusion, I suppose, from, the recollection, 
that in every triangle any two sides taken to- 
gether are greater than the remaining side; 
and therefore you infer, and justly too, that the 
motions which the ball a must have received, 
had the forces been applied separately, would 
have been equal to a c and a b^ or, which is the 
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same thingy to a c, and c d, the two sides of the 
triangle a d c, but by their joint action the mo- 
tion is only equal to a d^ the remaining side of 
the triangk. 

Hence then you will remember, that in the 
composition^ or adding together of forces, (as 
this is called,) motion is always lost; and in the 
resdiution of any one (dree, as a d, into two 
others a c and a b, motion is gained. 

Charles. Well, papa, but how is it that the 
heavenly bodies, the moon for instance, which is 
impelled by two forces, performs her motion in 
a circular curve round the earth, and not in a 
diagonal between the dicection of the projectile 
force and tiliat of the attraction of gravity to the 
earth. 

. Father, Because in the case just mentioned 
there was but the action of a single impulse in 
each directmn, whereas the action of gravity on 
the moon is continual, and causes an accelerat- 
ed motion, and hence the line is a curve. 

Charles. Supposing, then, that a represent the 
moon, and a c the sixteen feet through which it 
would fall in a second by the attraction of gra- 
vity towards the earth, and a b represent the 
projectile force acting upon it for the same time. 
If A B and A c acted as single impulses, the 
moon would in that case describe the diagonal 
A D ; but since these forces are constantly act- 
ing, and that of gravity is an accelerating force 
also, therefore, in3tead of the straight line a j), 
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the moon will be drawn into the curve line Adv. 
Do I understand the matter right? 

Father. You do ; and hence you easily com* 
prebend bow^ by good ihstruments aftd calcula* 
tion, the attraction of the earth upon tho mooa 
was discovered. 

. The thirdlsLW of motion, viz. thai action and 
redaction are equal and in contrary directions^ 
may be illustrated by the motion communicated 
by the percussion oiekutic and non-elastic bO" 
dies. 

Emma. What are these, papa ? 

Father. Elastic bodies are those which have 
a eerjtain sprihg, by which their parts, upon 
being pressed inwards, by percussion, return to 
their former state ; this property is evident in a 
ball of wool or cotton, or in sponge compressed. 
Non-elastic bodies are those which, when one 
strikes another, do not rebound, but move to- 
gether after the stroke. 

Let two ^^u<7/ ivory balls a and b be suspended 
by threads; if a (Plate iiv Fig. 15.") be drawn 
a little out of the perpendicular, and let fall upon 
A, it will lose its motion by communicating it to 
d, which will be driven to a distance Cy eqUal to 
that through which a fell ; and hence it appears 
tiiat the re-action of 6, was equal to the action 
of a upon it. 

Emma, But do the parts of the ivory balk 
yield by the stroke, or;^ as you call it, by the per- 
cussion ? 
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'Father. They do j for if I lay- a little paint od 
a, and let it touch b^ it will make but a very 
small speck upon it : but if lifall upon b^ the 
speck will be much larger ; which proves that 
the balls are elastic, and that a little hollow^ or 
dent^ was made iif each by collision. \i now two 
equal soft balls of clay, or glazier's putty, which 
are non-elastic, meet each other with equal ve-> 
locitiesy they would stop and stick together at 
the place of their meeting, as their mutual actions 
destroy eaeh othen 

Charles. I have sometimes shot ray white 
alley against another marble so plumply, that 
the marble has gone off as swiftly as the alley 
approached it, and that remained in the place of 
the marble. Are marbles^ therefore, as well as 
ivory, elastic? 

Father. They are.— If-three elastic balls, a, 
bf c, (Plate iir. Fig. 16.) be hung from adjoin- 
ing centres, and c be drawn a little out of the 
perpendicular, and let fall upon by then will c 
and b become stationary, and a -will be driven to 
0, the distance through which c fell upon b. 

If you hang any number of ballsy b» six, eighty 
&c. so as to touch each other, and if you draw 
the outside one away to a little distance and then 
let it fall upon the others, the ball on the opposite 
side will be driven off,^ while the rest remain 
stationary, so equally is the action and re^ 
action of the stationary balls divided amo^g 
them. In the same manner^ if two are drawn 
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aside and suffered to fall on the rest, the oppo- 
site two will fly off, add the others remain sta- 
tionary. 

There is one other circumstance depending 
upon the action, and re-action of bodies, and 
also upon the vis inertias of matter, worth no- 
ticing: by some authors you will find it largely 
treated upon. 4 

If I strike a blacksmith's anvil with a ham- 
mer, action and re-action being equal, the an-^ 
vil strikes the hammer as forcibly as the ham« 
mer strikes the anvil. 

If the anvil be large enough, I might lay it 
on my breast and suffer you to strike it with a 
sledge hammer with all your strength, without 
pain or risque, for the visjnertise of the anvil 
resists the force of the blow. But if the anvil 
were but a pound or two in weight, your blow 
would probably kill me. 
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CONVERSATION XIV. 



On the Mec]ianical Fdn^ers. 

Charles. )Vill you now, papa, explain tbe 
i mechanical powers ? 

Father. I will, and I hope you have not for^ 
' gotten what the momentum of a body is. 
^* Charles. No; it is the force of a moving 
body, which forc^ is to be estimated by the 
weight, multiplied into its velocity. 

Father. Then a small bo&iy may have an 
equal momentum with one much larger ? 

Charles. Yes, provided the smaller body 
moves as much swifter than the larger one, as 
the weight of the latter is greater than that of 
the former. 

Father. What do you mean when you say 
that one body tnoves swifter, or has a greater 
velocity than another? 

Charks. That it passes over a greater spac« 
JQ the same time. Your watch will explain my 
liieaning; the minute-hand travels round the 
dial plate in an hour, but the hour-hand takes 
twelve hours to perform its course in, conse-* 
quentjy the velocity of the miaute*hand is twelve 
times greater than that of the hour-hand ^ be»' 
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eause, in the same time, viZ| twelve hours, it 
travels twelve times the space that is gone 
through by the hoor-hand. 

Father, But this can be only true on the sup- 
position, that the two etrcles are equal. In my 
watch, the minute-hand is longer than the other, 
and, consequently, the circle described by it is 
larger than that described by the hour-hand. 

Charles. I see at once, that my reasoning 
holds good only in the case where the hands are 
equal. 

Father. There is, however, a partictilar point 
of the longer hand, of which it may be sait^, 
with the strictest truth, that it has exactly twelve 
times the velocity of the extremity of the shorter. 

Charles. That is the point, at which, if the 
remainder were cut off, the two hands would be 
equal. And, in fact, every different point of the 
hand describes different spaces in the same 
time. 

Father. The little pivot on which the two 
hands seem to move (for they are really moved 
by different pivots, one within another) may be 
called the centre of motidrij which is a fixed 
point ; and the longer the hand is, the greater is 
thie space described. 

Charles. The extremities of the vanes of a 
wind-mill, wlren they are going very fast, are 
scarcely distinguishable, though the separate 
part8> nearer tl)«49iii^ are easily discerned ; thia 
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is owing to the velocity oCthe extremities being 
so much greater than that of the other partii. 

JBmma. Did not the swiftness of the round* 
abouts, which we saw at the fair^ dep^d on the 
satne principle, viz. the length of the poles upon 
which the seats were fixed ? 

Father, Yes^ the greater the distance at which 
these seats were placed from the centre of mo* 
tion, the greater was the space which the little 
boys and girls travelled for iheir half-'penny. 

Emma. Then those in the second row had a 
shorter ride for their money, than those at the 
^nd of the poles. 

Father. Yes, shorter, as to space, but the same 
as to time. In the same way, when you and 
Charles go round the gravel-walk for half an 
hour's exereise, if he run, while you walk, he 
will, perhaps, have gone six or «eight times 
round, in the same time that you have been but 
three or foiir times ; now, as to time, your ex* 
ercise has been equal, but he may have passed 
over double the space in the satne lime. 

Charies. How does this apply to the explana- 
tion of the mechanical powers ? 

Father. You will find the application very 
easy : — ^without clear ideas of what is meant by 
tifne and space^ it were in vain to expect you to 
comprehend the principles of mechanics. 

There are six mechanical powers. The lever ; 
the wheel sind axle; the pulley; the inclined 
plane ; the wedge ; and the screw. 
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Deptford or Chatham for the purpose of flAtip« 
baHding. 

' Emma. I ackAowledge my error ; — ^what is ft 
Iblcrum, papa ? 

Father, It is a fiodtdpotnt, or prop, round 
which the Other parts of a machine move. 

Charles, The pivot, upon which the hands of 
your watch move, ia a falorum then. 

Father, It is, and you remember we called it 
4l8oi the centre of motion; the rivet of these 
scissors is also a fulcrum. 

Emma. Is that a fixed point or prop ? 

Father. Certainly it is a fixed point, as it re- 
(^0!^ the two parts of the scissors; for that al- 
ways remains in the same position, while the 
other parts move about it lake the poker and 
stir the fire ; now that part of the bar on which 
the pOker rests is afulcrum^ for the poker moves 
Upon it as a centre. 
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Of tbe Lever. 

FHUuiY. We Will now consider the Lever, 
which IS generally called the first mechanical 
power. 

The Lever is any inflexible bar of wobd, iron^ 
&c. which serves to xaise weights, while it iffsup^- 
ported at a point by a prop or fulcran), on which, 
as the centre of motion, all the otiier parts turn. 
A B (Plate iij. Pig. 17.) will represent a lever, 
and the pdint c the fulcrum or centre of motion, 
Now, it is evident, if the lever turn on its centre 
of motion c, so that a comes into the position a; 
B at the same time must come into the position ft. 
If both the arms of the lever be equal, that is, if 
AC is equal to b q, there is no advantage gained 
by it, for they pass over equal spaces in the same 
time ; and according to the fundamental princi- 
ple already laid down (p. 76) << as advantage or 
power is gained, time muist oe lost :" therefore, 
no time being lost by a4ever of this kind, there 
can be no power gained. , 

Charles. Why then is it called a mechanical 
power? 

Father. Strictly speaking perhaps it ought not 
^ be numbered as one. But it is usually reckoned 
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among them, having the fulcrum between the 
weight and the power, which is the distinguish- 
ing property of levers of the first kind. And when 
the fulcrum is exactly the middle point between 
the weight and power, it is the common balance : 
to which, if scales be suspended at a b, it is fitted 
for weighing all sorts of commodities. 

Emma. You say it is a lever of \hejirsi kind ; 
are there seveijil sorts of levers? « 

Father, There are three sorts ; some persons 
reckon four, the fourth hov^ever, is. but a bend- 
ed one of the first kind. A lever of the firsi 
kind (Plate in. Fig. 18, 19.) blui the fulcrum 
between the weight and power. 

' The second kind of lever (Plate ni. Fig. SO.) 
has the fulcrum at one end, the power at the 
other, and the weight between them. 

In the third kind (Plate iii. Fig. 21.) the 
power is between the fulcrum and tike weight. 

Of Lever's powerg the different sorts are tbrec^ 
The ^tt in steel-yards and in scales you see $ 
The best and second is the miller's lin. 
Where pou)er and fukrum to each end jrou shift ; 
And in the lAsrc^ the wont of al), my fiiend. 
You find the totight and/u/btim at each end. 

• 

Let us take the lever of the first kind, (Fig. 
18.) which if it be moved into the position a h^ 
by turning on its fulcrum c, it is evident that 
while A has travelled over the short space a a» 
3 has travelled over the greater space b 6, which 



apaces are to one aiiotheif, exactly in proportion 
to the length of the arniff A c aiid b e.^ If now 
you stpfiy your hand first to the j)oint A, and 
afterwarda to v, in order to move the lever into 
the position a b, using the aame velocity in hoth 
caseSy you will fiiid fliat the time spent in moving 
the lever when the hand is at b, will be as much 
greater, as that spent when the hand i» at a, as 
the arm b c is longer than the arm a c, but then 
the catertion required will, in the^same propor- 
tion, be feBS«at » &ari at a. 
' Chofkft, The arm 9 c appears to be four times 
Ae length of A p* 

Father. Then it is a lever which gains powe^ 
ki the prcfiortiofi o^ four to one. That is, a sin- 
f^ pound weight applied to the end of the arm 
B c, as at Pj will balance four pounds suspended 
at A, as If. ^ 

Charles* 1 have seen workmen move large 
pieces of thnber to vety small distahpes, by 
laseans of a long bar of wood or iron ; is that a 
lever ? 

' Pother* It is ; they force one end of the bar 
iMider the timber, and then place a block of wood, 
stone, &e. beneath, and as near the same end of 
the lever as possible, for a fblcrum, applying 
their own strength to the other : and power is 
gained in proportion as the distance from the 
mlcrum to the part where the men apply their 
strength, is greater than the distance from thq 
fulcrum to that end wider the timber. • 
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Chark$. It must be very conpiderable^ for I 
have seen two or three meo move a tree, in this 
way» of several tons weight I should think. 

Father. That is not difficult ; for supposing a 
lever to gain the advantage of twenty to one, and 
a man by his natural strength is able to move but 
a hundred 'weight, he will find that by a lever of 
this sort, he can move twenty hundred weight or 
a ton ; but for single exertions^ a strong man 
can put forth a much greater powers than that 
which is sufficient to remove a hundred weight; 
and levers are also frequently used, the advan«^ 
tage gained by which is still more conaiderable 
than twenty to one. 

Charles. I thibk you said, the other day, that 
.the common steel-yard made, use of by the 
butcher, is a lever. 

Father. I did ; the short arm ▲ c (Plate in. 
Fig. 19.) is, by an increase in size, made to 
balance the longer one b o, and from o, the cen- 
tre of motion, the divisions must commence. 
Now if )i c be divided into as many parts as it 
will contain, each equal to ▲ c ; a single weight, 
as a pound p, will serve for weighing any thing 
as heavy as itself, or as many times heavier as 
there are divisions in the arm c. If the weight 
p be placed at the division 1, in the arm b c, it 
will balance one pound in the scale atA: if it be 
removed to 3, 5, or 7, it will balance 3, 5, or 7 
pounds in the scale; for these divisiona being 
respectively 3, (, or 7 times the distance from the 
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centre of motion Cy that a is, it beeomei a liever, 
which gains advantage at those points, in the 
proportion of 3, 5, and T. If now the intervals 
between the divisiona on the longer af m be sub- 
divided into halves, quarters, &c. any weight 
may be accurately ascertained to halves, quar- 
ters of pounds, &c. 



CONVERSATION XVI. 



Ot ^e Lever. 

Emma. What advaatai^ has the steel-yard, 
which you described in our last conversation, 
]M>ver a pair of scales ? 

Father. It may be much more readily remov- 
ed from place to place; it requires no apparatus, 
aad only a single weight for all the purposes to 
whidi it can be applied; Sometimes the arms 
are not of equal weight In that case the weight 
T must be moved along the arm b c, till it exact- 
ly balance the other arm without a weight, and 
in that point a notch must be mad^ marking 
over it a cipher a, from whence the divisions 
must commence. 
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Charles. Does there reqaire great aeouraqy m 
the maaufacture of instrumefits of this kind ? 

Father. Yes, of such importance is it to the 
public, that there should be no error or fraud by 
means of false weights or false balances, that it 
is the business of certain public officers to ex-» 
amine at stated seasons the weights, measures^ 
&c. of every shopkeeper in the land. Yet it is 
to be feared that after all precautions, much 
fraud IS practised on the unmispectin^ * 

Emma. I one day last summer bought, as I 
supposed, a pound of cherries at the door, but 
Charles thinking they were not a pound, we 
tried them in your scales and found but twelve 
ounces, or three quarteniy instead of a pound, 
and yet the scale went down as if the man had 
given me full weight How was that managed ? 

Father, It might be done many ways : by 
short wieights ; — or by the scale in which the 
fruit was put, being heavier than the other;-— 
but fraud may be practised with honest weights 
and scales, by making the arm of balance on 
which the weights hang, diorter than the odier, 
for then a pound weight will be balanced by as 
much less fruit than a pound, as that arm i« 
shorter than the other ; this was probably the 
method by which you were cheated. 

Emma. By what method could I have dis- 
covered this cheat? 

Father.' The scales when empty are exaedy 
balanced^ but when loaded, though stUlin equi« 
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librioy the- weights are uoequal, and tKe deceit is 
instantly diAeovered by changing the weights to 
the contrary scales^ I will give ypu a rule to find 
the tr«e weight of any body by such a false 
balance, the reason of the rale you will under^ 
toad hereafjter : <^ Find the tueights of the body 
bjfbothseale9<9 multiply them together , and then 
find the square rooto/fheprpductf which is the 
trueweight.^^ 

Charles. L^t me see if I understand the rule : 
sufipoae a body weigh 16 onnees in one scale, and 
in ^e other IB ounces and a quarter, I multiply 
i6 hy 18 and a qoarter, and I get the product 
196, the square root of which is 14 : for 14 mul« 
tqplied into, itself gives 196 ; therefore the true 
freight of the body is 14 ounces. 

leather. That is just what I meant — ^To Uie 
iever of the first kind may be referred many 
common instruments, such as scissors, pincers, 
snufers, fcc. which are made by two levra^ act- 
ing contrary to one another. 
^ JSkmma. The rivet is the ful^runH or centre of 
notton, the hand the power used, wcA whatever 
is to be cut, is the rasistanee to be overcome. 

Charles, A poker stirring the fire is also a 
lever, for the bar is th6 fulcrum, the hand the 
jpower, and the coals the resistance to be oyer* 
come. 

Father. We now proce^ talevers of the Sjc- 
eond kind, in which the fnicvtim c (Fig« BO.) is 
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at one end, the power p applied at the oth^^ b, 
and the weight to be raised w, somewhere be- 
tween the fulcrum and the power. < 

Charles. And how is the advantage gained to 
be estimated in this leirer ? 

Father. By looking at the figure you will find 

that power or advantage is gained in proportion 

as the distance b, the point at which the power p 

♦ acts, is greater than the distance of the weight w 

from the fulcrum. 

Charfes. Then if the weight hang at oneineh 
from the fulcrum, and the power acts at fire 
inches from it, the power gained is five to one, 
or one pound at p will balance five at w. 

Father. It will; for you perceive that the 
power passes over fiire times as great a space as 
the weight, or while the point a in the lever 
moves over one inch> the point b will move over 
five inches. 

Emma. What things in common use are to bo 
referred to the lever of the second kind ? 

Father. The most common and useful of all 
things ; every door, for iostanoet which taxam 
on hinges is a lever of this sort The hinges may 
be considered as the fulerom or centre of motioa^ 
the whole door is the weight to be moved^ and 
the power is applied to that side on which the 
lock is usually fixed. 

Emma, Now I see the reason why there is 
considerable difficulty in 'pushing open a faeavy 



door^ if the hand i» applied to die part next the 
hingeS;^ although it may be opened with the great- 
eat "ease in the usual method. 

Charles^ This sofa^ with siater upon it, repre- 
aenta a lever of the aecond kiud* 

Father. Certainly^ if while she is sitting upon 
it, in the middle, you raise one end, white the 
other remaiJ^ fixed aa a prop or fulcrum. To this 
Icind of lever may be also reduced nut-crackers ; 
oars ; rudde^sof ships ; those cutting llnivea which 
have one end fixed in a block, such as are used 
£E>r eniting chafi*, drugs, wood for pattens, &e. 

JEhntma. I do not aee how oars and ruddera are 
levers of this sort 

Father^ The boat< ia the weight to be moved, 
the waler is the fulcrum, and the waterman at 
the hahdle the power. The masts of ships are 
alao levers of the second kind, for the. bottom of 
the vessel is the iulcrum, the ship the weight, 
and the wind acting againat the sail is the mov- 
ingpewer. 

The knowledge of this principle may be useful ^ 
in many aituations and circumstances in life :--* 
if two. men unequal in strength have a heavy 
burden to carry on a pole between them, the 
ability of each may be consulted by placing the 
burden aa much nearer to the stronger man, as 
hit strength is greater than that of hia partner. 

Emma. Which would you call the prop in thia 
iSaae? 

Fathtr. The stronger man, for th^ weight is 
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Etnma. The lever gains advantage, in pt^ 
portion to space passed through by the aeting 
power ; that is, if the weight to be raised, be at 
the distance of one inch from the folcnim, wad 
the power is applied nine inches distant from it^ 
then it is a lever, which gains advantage as 9 
to 1, because the space passed through by the 
power is nine times greater than that passed 
through by the weight ; and, therefore, what is 
lost in time by passing through a greater space^ 
is gained in power. 

father. You recollect also, what the different 
kinds of levers are, I hope. 

Emma. I shall never see the fire stirred with- 
out thinking of a simple lever of the first kind $ 
my scissors will frequently -remind me of ^ 
' ' combination of two levers of the same sor^ 
The opening and shutting of the door, will pre* 
vent me from forgetting the nature of the lever 
of the second kind, and, I am sure that I shall 
never see a workman raise a ladderagainst a 
house, without recollecting the third sort of 
lever. Besides, I believe a pair of tongs is a 
lever of this kind. 

Father. You are right ; for the fulcrum is at 
the joint, and the power is applied between that, 
and parts used in taking up coals, &c. — Can you 
Charles, tell us how the principle ofmomentum 
applies to the lever ? 

Charles. The momentum of a body is estf- 
- mated by its weight, multiplied into its velocity ; 
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^nd the V^riotity must be calculated by the space 
]ia88ed through in a given time. Now, if I exa- 
nifie the lerer, (Fig, 18. 20.) and consider it 
as an inflexible bar turning on a centre of mo- 
tion, it is ertdent, that the same time is used 
for the motion both of the weight and the power, 
but the s{)aces passed 6ver are very different ; 
that wfaiehvthe power passes through, being 
as much greater as that passed by the weight, 
ail the length of the distance of the power 
from the prop, is greater than the distance of 
the weight from the prop; and the velocities 
beiflrg as the spaces parsed in the same time, 
mast be greater in ike same proportion. Con- 
eequently, the velocity of p, the power, multi- 
plied into its weight, will be equal to the smaller 
velocity of w, multiplied into its weight, and 
thus their momenta being equal, they will ba- 
lance one another. 

Father. This applies to the first and second 
kind of lever ; ' what do you say to the thisd ? 

Charles. In the third, the velocity of jthe 
power p, (Fig. 21.) being less than that of the 
weight w, it is evident, in order that their mo- 
menta may be equal, that the weight acting at 
:p, most be as much greater than Uuit of w, as 
A € is less than b -c, and then they will be in 
eqnilibrio. 

Father. The second mechanical power is the 
Wheel cmMAasis^ which gains power ii^ propor- 
tion as thcr cSltJumference-of the wheel is greater. 



W liscjiAiricfi. 

Septford or Chatham for the purpoefo of ship* 
baiiding. 

' .Emma, I acknowledge my error ;• — what iaa 
fblcrum, papa ? 

Father. It is a Jia^d pointy or prop, round 
which the Other parts of a machine move. 

Charles, The pivot, upon which the hands of 
your watch move, is a Ihlcrum then. 

feather. It is, and you remember we called it 
tfso the centre of motion; the rivet of these 
scissors is also a fulcrum. 

Emma. Is that a fixed point or prop ? 

Father. Certainly it is a fixed point, afrit re- 
1^1^ the two parts of the scissors ; for that al- 
ways remains in the same position, while the 
other parts move about it Take the poker and 
stir the fire; now that part of the bar on which 
ttie pbker rests is a fulcrum, for the poker moves 
upon it as a centre, 
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CONVERSATION XV. 



Of <be Lever. 

F)a,ther. We will now consider the Lever^ 
which 13 generally called the first medianical 
power. 

The Lever is anyinflexiblebar of wood, iron; 
&c which serves toxaise weights, while it issup'* 
ported at a point by a prop or fulcrum, on which, 
as the centre of motion, all the other parts turn. 
A B (Plate iij. Fig. 17.) will represent a lever, 
and the pdint o the fulcrum or centre of motion, 
Now, it is evident, if the lever turn on its centre 
of motion c, so that a comes into the position a; 
B at the same time must come into the position b. 
If both the arms of the lever be equal, that is,, if 
AC is equal to b c^ there is no advantage gained 
by it, for they pass over equal spaces in the same 
time; and according to the fundamental princi- 
ple already laid down (p. 76) ^< as advantage or 
power is gained, time must be lost :'* therefore, 
no time being lost by a4ever of this kind, there 
can be no power gained. . 

Charles. Why then is it called a mechanical 
power? 

Father. Strictly speaking perhaps it ought not 
to be numbered as one. But it is usually reckoned 
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Deptford or Chatham for the purpoefe of iAttp« 
bailding. 

.Bmma. I acknowledge my error ; — what is ft 
fblcrum, papa ? 

Puther. It is a fia^ pointy or prop, round 
which the Other parts of a machine move. 

Chatties, The pivot, upon whith the hands of 
your watch move, ia a fu]<$rum then. 

Father, It is, and you remember we called it 
ilso the centre of motiion; the rivet of these 
scissors is also a fulcrum. 

Emma. Is that a fixed point or prop ? 

Father. Certainly it is a fixed point, afrit re- 
(^i*d« the two parts of the scissors \ for that al- 
ways remains in the same position, while the 
other parts move about it lake the poker and 
s^r the fire ; now that part of the bar on which 
ttie pbker rests is a fulcrum, for the poker moves 
upon it as a centre, 
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Of the Lever. 

f\itAer. We will now consider the Lever^ 
which is generally called Hie first medianical 
power. 

The Lever is any inflexible bar of wobd^ iron^ 
&c. which serves to raise weights, while it issup'- 
ported at a point by a prop or fulernm, on which, 
as the centre of motion, all the other parts turn. 
j^ B (Plate nj. Fig. 17.) will represent a lever, 
and the pdint c the fulcram or centre of motion, 
Now, it is evident, if the lever turn on its centre 
of motion c, so that a comes into the position a; 
B at the same time must come into the position b. 
If both the arms of the lever be equal, that is, if 
A c is equal to b q, there is no advantage gained 
by it, for they pass over equal spaces in the same 
time; and according to the fundamental princi- 
ple already laid down (p. 76) « as advantage or 
power is gained, time most be lost :'* therefore, 
no time b^ng lost by a4ever of this kind, there 
can be no power gained. . 

Charles. Why then is it called a mechanical 
power? 

Father. Strictly speaking perhaps it ought not 
^ be numbered as one. But it is usually reckoned 
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The order g^en« up-ipringing^ with a bound 

They lodge the bars, and wheel their en^net rouod : 

At every turn the clan^ng pauls resound* 

Uptorn reluctant from its oozy cave ' 

Tike pdnd'iDut anchor rises o'er the wave. 

Falcoxui's 8i|iywBXCK. 

-Charles* I have seen a crane, which consists 
of a wheel large enough for a man to walk in. 

Father. In this the weight of the man, or men 
(for there are sometimes two or three,) is the 
moving power ; for, as the man steps forwards, 
the part upon which he treads becomes the heavi- 
est, and consequently descends till it be the low- 
est. On the same principle, you may see at the 
door of many bird-cage makers, a bird, by its 
weighty give a wicker cage a circular motion ; 
now, if there were a small weight suspended to 
the axis of the cage, the bird by its motion would 
4raw it up^ for as it hops from the bottom bar to 
the nextj» its momentum causes that to descend, 
and thus the operation is performed, both with 
regard to the cage, and to those large cranes 
which you have seen. 

Emma. Is there no danger If the man happen 
to slip? 

Father. If the weight be very great, a slip 
with the foot may be attended with very dan- 
jrerous consequences. To prevent which, there 
as generally fixed at one end of the axis a little 
wheel o, (Fig. 22.) called a ratchet- wheel; with 
A catch tf^ to fall into its teeth ; thif will at any 



time support the weight [a case of an aeeident 
Sometimes, instead or men walking within the^ 
great wheel, cogs are set round it on the outside, 
and a' smiUl tmindle wheel made to work in the 
eogis, a&d to be turned by a winch. 

Charles. Are there not other sorts of cranes 
in which all danger is avoided ? 

leather. The crane is a machine of such im- 
portance to ihe commercial concerns of this coun- 
try, that new inventions of it are continually 
offered to the public : I will^ when we go to the 
library, show you in the 10th vol. of the Trans- 
actions of the Society for the Encouragement of 
Arts and Sciences, an engravihg of a safe, and, 
I believe, truly excellent crane ; it was invented 
by a friend of mine, Mr.^ James White, who 
possessed a most extraordinary genius for me- 
chanics, and who fo^n^erly offered his services to 
a. noble Duke, then at the head of the Board of 
Ordnance, but they .being rejected, he went to 
the Continent, where he is very profitably exer- 
ci$ing his taiepts. 

Charles. But you said that this nAechanical 
power might be considered as a lever of the first 
kind. 

Father. I did ; and if you conceive the wheel 
and axis (Fig. 22.) to be cut through the middle 
in the direction a b ;*r g b (Plate iii. Fig. 23.) 
will represent a section of it a b is a lever, 
whose centre of -motion is c f the weight w, sus- 
tained by the rope A w, is applied at the distance 



c A,9 the radiua of the. axis f and the power p; 
acting in the direction b ^^ i» applied at the dis- 
tance c B, the radius of the wheel : tbereforOy ae* 
cording to the principle of the lever, the power 
will balance the wd^t, when it is as much leat 
than the weight, as the distance c b is greater 
than the distance of the weight a c. 
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of the Pulley. 

FcUker. The third mechanical power, the/ni/- 
A^, may be likewise explained on the principle 
of the lever. The line a b (Plate iv. Fig 24.) 
may be conceived to be a lever,' whose arnu a c 
And B c are equal, and c the falemm, or centre 
of motion. If now two equal weights w and p^ 
be huns on the cord passing over the pulley, they 
will balance one another, and the ftalcmm will 
sustaia both« 

Charles. This pulley then, like the comsnon 
balance, gives no advantage. 

Father. From the single >id»rfpiiiley no me- 
cbmieal advantage is derived ; it ie nevertheleffir 
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of greirt importance in changing the (direction of 
a power, and is very much uaed in buildings for 
drawing' up small weights, it being much easiei* 
for a man to raise Buch iMirdensby meana of a 
single pttUey, than to carry them up a long lad- 
der. 

JBmtna. Why is it called a mechanical power? 

Father, Though a single fixed pulley gives no 
advantage, yet when it is i^ot fixed, or when two 
more are combined into what is called a system 
of pulleys, they then possess all the properties 
of the other mechanicstl powers. Thus in o n B 
(Plate IV. Pig. 25.) c is the fulcrum, therefore a 
power p, acting at b, will sustain a double 
weight w, acting at a, for b c is double the dis« 
tance of a c from the fulcrum. 

Again it is evident, in the present case, that 
the whole weight is sustained by the cord x d p, 
and whatever sustains half the cord, sustains 
also half the weight ; but one half is sustained 
by the fixed hook e, consequently the power at 
p has only the other half to sustain, or in other 
worde, any given power at p will keep in equili- 
brio a double w^ght at w. 

C harks. Is the velocity of p double that of w ? 

Father. Undoubtedly y if you compare the 
apace passed through by the hand at p with that 
passed by w, you will find that the former is 
just double the latter, and therefore the mo- 
menia of the jpower and weight, as in the leyeiv 
amoquaL 



98 •' XSCHAICICS* 

Charka. I think I see the reaaoQ of this, for if 
the weight be raised an inchy or a foot, both 
sides of the cord must also he raised an inch, or 
foot, but this cannot happen without that part of 
the cord at p passing through two inches, or 
two feet of space. 

Father. You will now easily infer from what 
has been ahready shown of the single .moveable 
pulieyi that in a system of pulleys, the power 
gained must be estimated, by doubling the num* 
her of pulleys in the lower or moveable block. 
So that when the fixed block x (Plate iTi. Fig. 
26.) contains two pulleys which only turn on 
their axes, and the lower block y contains also 
two pulleys,, which not only turn on their axes, 
but also rise with the weight, the advantage is 
as four : that is, a single pound at 9 will sustain 
four at w. 

Charles^ In the present instance also I per- 
ceive, that by raising w an inch, there are four 
ropes shortened each an inch, and therefore the 
hand must have passed through four inches of 
space in raising the weight a single inch ; which 
establishes the maxim, that what is gained in 
power is lost in space. But, papa^ you have 
only talked of the power of balancing or sustain- 
ing the weight, something more must^ I suppose^ 
be added to raise it 

Father. There must : considerable allowance 
must also be made for the friction of the cords, 
and of the pivots, or axes, on which the pulleys 
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tatxL Iq the meehanical powers, in general, 
one-third of power must be added for the losa 
sustained by friction, and for the imperfect man- 
ner in which machines are g:enerall7 construct- 
ed. Thus, if by theory you gain a power of 600: 
in practicej you must reckon only upon 400. In 
those pulleys which we have been describing, 
writers have taken notice of three things, which 
take much from the general advantage and con* 
venience of pulleys as a mechanical pow^. The 
Jirst is, that the diameters of the axes, bear a 
great proportion to their own diameters. The 
second is, that in working they are apt to rub 
against one another, or agaiilst the side of the 
block. And the third disadvantage is the stiff- 
ness of the rope that goes over and under them. 
The first two objections have been, in a great 
degree, removed by the concentric pulley, in- 
vented by Mr. James White : B (Plate Tv. Fig. 
27. ) is a solid block of brass, in which groove^ 
are cut, in the proportion of 1, 3, 5, 7, 9, &c. 
and A is another block of the same kind, whose 
grooves are in the proportion of 2, 4, 6, 8, 10, 
&c and round these grooves a cordis passed, by 
which means they answer the purpose of so many 
distinct puHeys, every point of which moving 
with the velocity, of the string in contact with it, 
tile whole friction is removed to the two centres 
of motion of the blocks a and b ; besides it is of 
n9 small advantage, that the pulleys being all of 
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one piece, there is no rubbing one against the 
other. 

Emma. Do you ealculate the power gained 
by this pulley, in the same method as with the 
common pulleys? 

FaiAer. Yes, for pulleys of every kind, the 
rule is general, the advantage gained is found 
by doubling the number of the pulleys in the 
lower block : in that before you there are six 

{grooves, which answer to as many distinct pal* 
eys, and consequently the power gained is 
twelve, or one pound at p will balance twelve 
pounds at w. 



eONVERSATION XIX. 



Of Uie Ine£ned Phne. 

Father. We may now deseribe the inclined 
plane, which is the fourth mechanical power. 

Charles. You will not be able, I think, to re- 
duce this also to the principle of the lever. 

Father, No, it is a distinct principle, and 
some writers on these subjects reduce at once 
the six mechanical powers to two, viz. the lever 
and inclined plane. 
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Mmma, How do you estimate the advantages 
gained by this mechanical power ? 

Father. The method is very easy, for just as 
much as the length of the plane exeeds its per- 
pendicular height, so much is the advantage 
gained. Sup]3oae a b (Plate iv. Fig. 28.) is a 
plane standing on the table, and c o another 
plane inclined to it ; if the length c n be three 
tioies greater than the perpendicular height; 
then the cylinder b will pe si^pported upon the 
plane c d, by a weight equal to the third part 
of its pwn weight 

Emma* Could I then draw up a weight on 
such a plane with the third part of the strength 
that I must exert. in lifting {t up at the end? 

Father. Certainly, you might ; allowaifce^ 
however, must be made for overcoming the fric- 
tion ; but then you perceiv^, as in other mecha- 
nical powers, that you will have three times the 
q>ace to pass over, or that as you gain power 
you will lose time. 

Charles. Now I understand the reason why 
sometimes there are two or three strotig planks 
laid from the street to the ground-floor of ware- 
houses, making therewith an inclined plane, on 
which heavy packages are raised or lowered. 

Father. The inclined plane is chiefly used for 
raising heavy weights to small heights, for in 
ivarehouses situated in the upper part of build- 

i2 
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ings, crimes and pulley9 are better adapted for 
the purpose. 

Charles, I have sometimesy papa, amused my- 
self by observing the difference of time which 
one knarble has taken to roll down a smooth 
boards and another which has fallen by its own 
gravity withc^ut any support 

Father, And if it were a long plank, and you 
;took care to let both marbles drop from the hand 
at the same instant, J dare say you found* the 
difference very evident 

Charles, I did, and now you have enabled me 
to account for it very satisfactorily, by showing 
me that as much more time is spent in raising a 
body along an inclined plane, than in lifting it 
lip at the end, as that plane is longer than its 
perpendicular height For I take it for granted 
that the rule holds in the ascent as well as in the 
descent. 

Father. If you have any d#ubt remaining, a 
few words will make every thine dear. Sup- 
pose your marbles placed on a plane, perfectly 
liorizontal, as on this table, they will remain at 
rest wherever they are placed : now if you ele- 
vated the plane in such a manner that its height 
should be eaual to half the length of the plane, it 
is evident rrom what has been shown before, 
that the marbles would require a force equal to 
half their weight to sustain them in any parti- 
cular position : suppose then the plane perpen- 
dicular to the table, the marbles will descend 
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with their whole weight, for now the plane con* 
tributes in no respect to support thedi, conse- 
quently they would require a power equal to 
their whole weight to keep them from descend- 
ing. 

Charles. And the swiftness with which a body 
falls is to be estimated by the force with which 
•it is acted ujpon ? 

Father, Certainly, for you are now sufficient- 
ly acquainted with philosophy to know that the 
effect must^ be estimated from the cause. Sup* 
pose an inclined plane is thirty-two feet long, 
and its perpendicular height is sixteen feet, 
what time will a marble take in falling down 
the plane, and also' in descending from the top 
to the earth by the force of gravity ? 

Charles. By the attraction of gravitation, a 
body falls siltte6n feet in a second (see p. ^\.) 
therefore the marble will be one second in fall- 
ing perpendicularly to the ground ; and as the 
length of the plane is double its height, the mar- 
ble must take two seconds to roll down it. 

Father. I will try you with another example. 
If there be a plane 64 feet perpendicular height, 
and 3 times 64, on 192 feet long, tell me what 
time a marble will take in falling to the earth 
by the attraction of gravity, and how long it 
will be in descending down the plane ? 

Charles. By the attraction of gravity it will 
fall in two seeonds ; because, by mviitiplying the 
«^eea feet whieh it feUs in the first second, by 
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the square of two seconds, (the time) or four, I 
get sixty -four» the height of. the plane. But Uie 
plane being three times as lorig as it is perpen- 
dicularly high, it must be three times as manjr 
seconds in rolling down the plane, as it was in 
descending freely by the force of gravity, that 
is, six seconds. 

Emma, Pray, papa, what common instru* 
ments are to be referred to this mechanical 
power, in the same way, as scissors, pincers, 
&c. are referred to the lever ? 

Father. Chisels, hatchets, and whatever other 
sharp instruments which are chamfered, or 
sloped down to an edge on one side only, may 
be referred to the principle of the inclined plane. 



CONVERSATION XX. 



Of the Wedge. 



Father, The next mechanical power is the 
wedge, which is made up of the two inclined 
planes d £ F and c s r o (Plate iv. Fig. 29.) 
joined together at their bases c £ 7 a : d c is the 
whole thicjkiness of the wedge at its back a b c d, 
where the power is applied, aad i> f and c v 
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are the length af iU sides ; now there will he ai^^ 
equilibrium between the power impelling the 
wedge downward, and the resistance of tRe 
wood, or other substance acting against its 
sides, when the thickness d c of the wedge is to 
the leoffth of the two sides, or, which is the 
same thing, when half the thickness ]> s of the 
wedge at its back is to the length of ^ f one of 
its sides, as the power is to its resistanoew 

Charles. This is the principle of the inclined 
plane. 

Father. It is, and notwithstanding all the 
disputes which the methods of calculating the 
ddvantage gained by the wedge have oecasioned, 
I see no reason to depart from the opinion of 
those who consider the^wedge as a double in- 
clined plane. 

Emma. I have seen people cleaving wood 
with wedges, but they seem to have no effect^ 
unless great foroe and great velocity are also 
used. 

Father, No, tlie power of the attraction of 
eohesion, by which the parts of wood stick to* 
gether, is so great, as to reqi^ire a consideraUe 
momentum to separate them. Did you observe 
nothing else in the operation worthy of your at- 
tention ? 

Charles. Yes, I also took notice that the wood 
generally split a little below the place to which 
the wedge reached. 

Father. <rhis happens in cleaving most kinds 
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of wood, and then the advantage gained by this 
mechanical power, must be in proportion as the 
length of the sides of the cleft in the wood is 
greater than the length of the whole back of the 
wedge. There are other varieties in the action 
of the wedge ; but, at prc»senty it is not neceasa* 
ry to refer to them. 

^Emma. Since yoo said that all instruments 
which sloped off to aa edge on one side only, 
. were to be explained by the principle of the in- 
clined plane ; so, I suppose, that those which 
decline to an edge on ooth sides, must be refer- 
red to the principle of the wedge. 

Father, They must, wbi^h is the case with 
many chisels, and almost all sorts of axes, &c. 

Charles, Is the wedge mudi used as a me- 
chanical power? 

Father. It is of great ihiportance in a vast 
^Variety of cases, in which the other mechanical 
powerji are of no avail ; and this ^ises from the 
momentum of the blow, which is greater, be- 
yond comparison, than the application of any 
dead weight or pressure, such as is employed 
in the other mechanical powers. Hence it is 
used in splitting wood, rocks, &c. and even the 
largest ^hip may be raised to a small height by 
driving a wedge below it It is also used for 
raising up the beam of a house, when the floor 
gives way, by reason of too great a burden be- 
ing laid upon it It is usual also in separating 
large mill atones from the siliceous sand-rocks 
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ia some parts of Dterbythjrey to bore horiaontil 
holes under them in a circle, and fill these with 
pegs or i^edges made of dry woodi wliieb srA» 
duaily sivell by the moisture of the earth, and in 
a day or tvwa lift up the mill-stooe without break* 
iog it; to this practice Dr. Darwio aHodes: 

CUmb the rude steeps^ the fpnnite-cfifis nmoinidt 
Pierce wiUi steel pcnntSy with wooden iwwfcw wouaj. 



CONVERSATION XXL 



Of theScreir« 

Father. Liet us now examine tike properties 
of the sixth and last mechanical power, the 
screw; which, however, cannot be called a fioh 
pie inecham(»l power, since it is never used 
without the assistance of a lever or winch ; by 
which it becomes a compound engine, of ip^eat 
pow^er in pressing bodies together, or in rusiog 
great weights, a b (Plate iv. Fig. 50.) is the 
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represetiiation of one, together witii the lever 

Mmma. You said just now^ papa, that all the 
mechanical powers were reducible either to the 
lever or inclined plane, how can the screw be 
referred to either? 

Father. The screw is composed of two parts, 
one of whichy a b, is called the screw, and con- 
sists of a spiral protuberance, called the thread, 
which may be supposed to be wrapt round a 
cylinder ; the other part c d, called the nuij is 
perforated to the dimensions of the cylinder ; and 
m the internal cavity is also a spiral groove 
adapted to receive the thread. Now if you cut 
aslipof writing-paper in the form of an inclined 
plane a b c (Fig. 30.) and then wrap it round a 
cylinder of wood, you will find that it makes a 
spiral answering to the spiral part of the screw ; 
moreover, if you consider the ascent of the 
screw, it will be evident, that it is precisely the 
ascent of an inclined plane. 

Charles. By what means do you calculate the 
advantage gained by the screw? 

Father. There are, at first sight, evidently 
two things to be taken into consideratidn ; the 
first is the distance between the threads of the 
screw; — and the second is the length of the 
lever. 

Charles. "Sasy I comprehend pretty clearly 
how it is an inclined plane, and that its asceat 
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19 more or less easy as Uie threads of the spi 
are nearer or farther distant from each olher. 

Father. Well then, let me examine by a qui 
tion, whether your conceptions he accurate; sa\ 
pose two screws, the circumference of who**" 
cylinders are equal lo one another; but in onV^ 
the distance of the threads to be an inch apart ^ 
and thai of the threads of the other only ooe— ' 
third of an inch ; what will be the diS^rcnce a^ 
the advantage gained by one of the screws oveC 
the other? 

Charles. The one whose threads are thre^ 
limes nearer than those of the olher, must, K 
should think, give three times the most adTU— 
tage. 

Father. Give me the reason for what you a^— 

Charles. Because, from the principle of the 
inclined plane, 1 learnt that if the height of \m^ 
planes were the same, but the len|;th of one, 
twice, thrice, or four times grcaler than that 
of the other, the mechanical advantage gain^ 
ed by the longer plane would be t*o, three, 
or four times more than that gained by the 
shorter. Now, in the present case, the height 
gained in both screws is the same, one inch, 
but the space passed in that, three of whose 
threads go to an inch, must be three times as 
great as the space passed in the other ; therefore, 
as space is passed, or ti^ie lost, just in propor- 
tion to the advantage gained, 1 infer that three 
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times more advantage is gained by the screw 
the threads of which are one-third of an inch 
apart, than by that whose threads are an inch 
apart 

Father. Your inference is just, and naturally 
follows from an accurate knowledge of the prin- 
ciple of 'the inclined plane. But we have said 
nothing about the lever. 

Charles. This seemed hardly necessary, it 
being so obvious to any one who will think a 
moment, that power is gained by that, as in 
levers of the first kind, according to the length 
F D from the nut 

* Father. Let us now calculate the advantage 
gained by a screw, the threads of which are 
half an inch distance from pne another, and 
the lever 7 feet long. 

Charles. I think you once told me, that if 
the radius of a circle was given, in order to find 
the circumference, I must multiply that radius 
by6. 

' Father. I did ; for though that is not quite 
enough, yet it will answer all common purposes, 
till you are a little more expert Jn the use of 
decimals. 

. 6harles. Well, then, the circumference of the 
circle made by the revolution of the lever will 
be 7 feet, multiplied by 6, which is 42 feet, or 
504 inches ; but, during this revolution, the screw 
is raised only half an inch, therefore. the space 
passed by the moving power, will be 1008 times 
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greater than that gone through by the weight, 
consequently the advantage gained is 1008, or 
one pound applied to the lever will balance 1008 
pounds acting against the screw. 

Father. You perceive that it follows as a co- 
rollary from whdt you have been saying, that 
there are two methods by which you may in- 
crease the mechanical advantage of the screw: 

Charles, I do; — it may be done either by ta- 
king a longer lever> or by diminishing the dis- 
tance of the threads of the screw. 

Father, Tell me the result liien, supposing ' 
the threads of the screw i9q fine as to stand at 
the distance of but one quarter of an inch asun- 
der ; and that the length of the lever were 8 feet 
instead of T. 

Charles. ♦ The circumference of the circle 
made by the lever will be 8 multiplied by 6^ 
equal to 48 feet or 576 inches^ or 2304 quarter 
inches, and as the elevation of the screw is but 
one qiiarCer of an inch, the space passed by the 
power, will, therefore, be 2304 times greater 
than that passed by the weight, which is the ad- 
vantage gained in this instance. 

F<tther, A child, then, capable of moving the 
lever sufiBciently to overcome the friction, witlT" 
the addition of a power equal to one pound, will 
be able to raise 2304 pounds, or sometliing more 
than 20 hundred weight and a half. The strength 
of a powerful man would be able to do 20 or 30 
titties as much more. • 
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Charks. But I have seen at Mr. W- 
paper-millsy to which I once went| "six or eight 
men use all their strength iq turning a acre\v» 
in order to press the wat^r out of the newly 
made paper. The power applied in that case 
must have beta wery great indeed. 

Father. It waa ( hut I dare fay that you are 
^ware that it cannot be estimated, by multiply'^ 
log the power of om oiao by the number of men 
employed. 

Charles. That if9.becau9e the men standing by 
the side of one another, the lever is shorter tp 
every man the nearer he ftands to the screwy 
consequently, though he may exert the aame 
strength, yet it is not so efiectunl in moviqg the 
machine, as the exertion of him who standi 
nearer to the extremity of the leVer. 

Father. The true method, therefore, of calou* 
lating th^ power of thia machine, aided by the 
strength of these men, would be to estimate ao- 
eurately the power of eaoh man according to 
his position, and then adding all these separate 
advantages together for the total power gained. 

Emma. A machine of this kind, is, I believe, 
used by book binders, to .press the leaves of the 
books together before they are stitched ? 
• Father. Yes, it is found in every book-binder's 
Work*shop, and is particularly useful where per- 
Son8 are desirous of having small books reduced 
to a still smaller size for the pocket It is also 
thiB priocipal machine used for eoining money ;-» 
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for talMifg of c^per-ptate piinlsr; and for print- 
iD^ in f^eneral. 

Charles. I Temember Dr. Darwin's descrip- 
tioD of coining : 

Wi6) iron lips bis rspid Toilers seize 

The lengthening bars, in thin cxpanMon squeeze ; 

Descending Bcrews with pond'rous fly-wheels wound 

The tawny plates, the new medallions round ; 

Haid dies of steel the cupreous circles cramp. 

And with quick lall his massy hammers stamp. 

The Harp, the Lily, and the 'Lion join, 

And GioBos, and Bmrxux guard the sterling coin. 

Botanic Gabdeit. 

Father, These lines are descriptive of >j^|ff 
Boulton's magnificent apparatus for coining; 
the whole machinery is worked by an improved 
steam-engine, which roUs the copper for half- 
pence ; works the scre\v presses for cutting out 
the circular pieces of copper ; and coins both 
' the faces and edges of the money at the same 
time: and since the circulation of the new half< 
pence, we are all acquainted with the superior 
excellence of the workmannhip. By this ma- 
chinery, four boys of ten or twelve years old, 
are capable of striking 30,000 guineas in an hour, 
and the machine itself keeps an unerring account 
of the number of pieces struck. 

Emma. And I have seen the cyder-press in 
Kent, which consists of the same kind of ma- 
chine. 
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Pi^tksr. It w<^u1d, my dear, be an almost end* 
less task, were we to attempt to enuinerate all 
tbe purposes to which tbe screw is applied in 
the mecbanioal arts of life ; it will| pierhaps, be 
sufficient to tell you that wherever great pres- 
sure is required, there the power of the screw 
is uniformly employed. 



ASTRONOMY. 



CONVERSATION XXII. 



OF THE FCCED STARflk 



ttrTO»<-CHARLE8*-drAMES. 

^tUiRLES. The delay oecaaioned by our 
lin usually long walk, has afforded ua one of the 
Iftoat brilliant Fiews of the beavena that I ever 
eaw. 

nAimet. It fa uneonimonly clear, and the long- 
er 1 keep my eyes fixed upwarda, the more atura 
eeeoi to appears how is it poasible to nomber 
theae atars? and yet I have heard that they are 
numbered,^ and even arranged in eataloguea ac^ 
cording to their apparent ifiagQitudea.^ Pray, 
air, explain to ua how thia businesa waa per^ 
formed. 

Tutor. This I will do, with great pleasure, 
eotne time hence, but at present, I must tell you 
that in viewing the heavens with the naked eye, 
we are very mueh deceived aa to the supposed 
number of stars that are at any time visible. It 
is generally admitted, and on good authority too, 
that there are never more than one thousand stars 
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Tisible to the sight, unassisted by glasses, at any 
one tioiei and in one place. 

James. What ! can I see no more than a thou- 
sand stars if I look all around the heavens? I 
should suppose there were niilHons. 

TkUor, This number is certoinly the limit of 
what you can at present behold ; and that tvhieh 
leads you, and persons in general, to conjecture 
that the number is so much larger, is owing to 
an optical deception. 

James, Are we frequently liable to be deceiv- 
ed by our senses? 

Tutor, We are, if we dependon them singly; 
but where we have an opportunity of calling in 
the assistance of one sense to the aid of another^ 
we are seldom subject to this inconvenience. 

Charles, Do you not know if you place a 
«mall marble in the palm of the left hand, and 
then cross the second finger of the right hand 
over the first, and in that position, with your 
eyes shut, move the marble with those parts of 
the two fingers at once, which are not accustom- 
ed to eome into contact with any object at the 
same time, that the one marble will appear to the 
touch as two ? In thia instance, without the as- 
aistance of our eyes, we should be deceived by 
the senae of feeling. 

Tutor, This is to the point, and shows that 
the judgment formed by means of a single sense 
ia not always to be depended upon. 

Jamta, I recollect the experiment very well, 
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we had it from papa, a great while ago. But 
that has nothing to do with the false judgment 
^hich we are said to form about the number of 
stars. 

7\Uar* You are right ; it does not immediate* 
ly concern the subject before us, but it may be 
useful as affording a lesson ^f modesty, by in- 
structing us that we ought not to close our 
minds s^inst new evidence that m^ be offered 
upon any topic, notwithstanding the opinions 
we may have already formed. You say, that 
you see millions of stars, whereas the ablest 
astronomers assert, that with the naked eye 
you cannot at one Hime see so many as a thou- 
sand. 

Charles, I should indeed have thought with 
my brother, had you not asserted the contrary ; 
and I am anxious to know how the deception 
happens, for I am sure there must be a great 
deception somewhere, if I do not at this time 
behold very many thousands of stars in the 
heavens;. 

j Tiiior. You know that we see objects only by 
means of the rays of light which proceed from 
them in every direction. And you must for the 
present, give me credit when I tell you that the 
distance of the fixed stars from us is immensely 
great, consequently the rays of lieht have to 
travei'this distance, in the course of which, es- 
pecially in their passage through our atmo- 
sphere, they are subject to numberless reflections, 
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of light come to the eye, erery one of whteh, 
perhaps, impresses upon the mind the idea of 
so many separate stars. Heoce arises that op- 
tical fallacy by which we are led to believe the 
stars which we behold are innumerable. 

James. I shoald like to see an experiment to 
confirm this. 

Tutor, t have no olgeetion: in evtiry case 
you ought to' require the best evidence that the 
subject will admit of: 

To uk or setfoh I blame tbcfe not, for htaven 
Is as the book of God before thee set. 
Wherein to read his wond'rous works, and learn 
His seasons, hours, or dajrs, or months, or years. 

I will show you two experiments which will go« 
good way to remove the difficulty. But, for this 
purpose, we must step into the house. 

Here are two common looking-glasses, which, 
philosophically speaking, 9JtB plain mirrors. I 
place them in such a manner on the table that 
they support one another from falling by meet* 
ing at the top. I now place this half-crown be* 
tween them, on a book, to raise it a little above 
the table. Tell me how many pieces of money 

Cu would suppose there weire, if you did not 
ow that I had used but one. 
James. There ane several in the {jesses. 
Thior. I will alter the poAtion ef the gkuMs 
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a little, by making them almost parallel to one 
another : now look into them, i^d say what you 
fee. 

James. There are jnore half-crowns now than 
there were before. 

TSAtor. It is evident, then, that by r^JkcHwi 
only, a single object, for I have made use of l^ut 
one half-crown, will give you the idea of a vast 
number. 

Charies. If a little contrivance had been used 
ic conceal the method of making the experiment, 
I should not have believed but that there had 
been several half-crowns instead of one. 

Tkitor* Bring me your multiplying glass ; look 
through it at the candle : how many do you see ? 
or rather how many candles should you suppose 
there were, did you not know that there was but 
one on the table ? 

James. A gr^at many, and a pretty sight 
it is. 

Charles. Let me see ; yes, there are : but I 
can easily count them ; there are sixteen. 

Tutor. There will be just as many images of 
the candle, or any other object at which you 
look, as there are different surfaces^n your glass* 
For by the principle of r^ractioUf the image of 
the candle is seen in as many different places 
as the elass has . surfaces ; consequently, if in- 
stead of 16 there bad been 60, or, if they could 
have been cut and polished so small, 600, then 
the single candle would have given you the idea 
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of light come to the eye, erery one of whiieh, 
perhaps, impresses upon the mind the idea of 
so many separate stars. Hence arises that op- 
tical fallacy by which we are led to believe the 
stars which we behold are innumerable. 

James. I shoald like to see «n experiment to 
confirm this. 

Tutor, t have no objection : in ev^ry case 
yoQ ought to' require the best evidence that the 
subject will admit of: 

To uk or setfeh I blame tbee not* for htsveii 
Is as the book of God before thee set. 
Wherein to read his wond'rous works, and learn 
His seasons, hours, or days, or months, or years^ 

MlKTDV. 

I will show you two experiments which wiU go « 
good way to remove the difficulty. But^ for this 
purpose, we must step into the house. 

Here are two common looking-glasses, which, 
philosophically speaking, B,repiain mirrors. I 
place them in sueb a manner on the table that 
they support one another from falling by meet* 
ing at the top. I now place this half-crown be* 
tween them, on a book, to raise it a little above 
the table. Tell me how many pieces of money. 
jTOu would suppose there were, if you did not 
know that I had used but one. 

James. There ane several in the {jesses. 

7\itor. I will alter the poAtioD of the passes 
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a little, by. making them almoit parallel to one 
another : now look into them, i^d say what you 
fee. 

James. There arejnore half-crowns now than 
there were before. 

TSAtor. It is evident, then, that by r^Jkciion 
only, a single object, for I have made use of bnat 
one half-crown, will give you the idea of a vast 
number. 

C/iarles. If a little contrivance had been used 
U^ conceal the method of making the experiment, 
I should not have believed but that there had 
been several half-crowns instead of one. 

Tutor. Bring me your multiplying glass ; look 
through it at the candle : how many do you see ? 
or rather how many candles should you suppose 
there were, did you not know that there was but 
one on the table ? 

James. A great many, and a pretty sight 
it is. 

Charks. Let me see ; yes, there are : but I 
can easily count them ; there are sixteen. 

ISitor. There will be just as many images of 
the candle, or any other object at which you 
look, as there are different surfaces^n your glass* 
For by the principle oir^ractiony the image of 
the candle is seen in as many different places 
as the elass has . surfaces ; consequently, if in- 
stead of 16 there had been 60, or, if they could 
have been cut and polished so small, 600, then 
the single capdle would have given you the idea 
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of 60, or 600. What think you now about the 
8tar»? 

James. Since I have seen that reflection zaA 
refraction will each, singly^ afford such optical 
deceptions, I can no longer doubt, but that, if 
both these causes are comhined as you say they 
are with respect to the rays of light coming from X 
the fixed stars, a thousand real luminaries may 
have the power of exciting in my mind the idea 
of millions. ^ 

Tutor, I will mention another experiment, for jt 
which you may be prepared against the next 
clear star-light night Get a long narrow tube, 
the longer and narrower the better, provided its 
weight does not render it unmanageable : exa- 
mine through it any one of the largest fixed stars ; 
which are called stars of Ski^ first magnitude, and 
you will find that though the tube takes in as 
much sky as would contain many such stars, yet «;' 
that the single one at which you are looking^ is ^ 
scarcely visible, by the few rays which come* ^ 
directly from it : this is another proof that the v 
brilliancy of the heavens is much more owing to 
reflected and refracted light, than to the direct 
rays flowing from the stars. 
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XX)NVERSATION XXIIL 



Of the Fixed Stars. 

7 Charles. Another beautiful evening presents 

^ itself; shall we take the advantage which it 
offers of going on with our astronomical lee* 
'^ tures? 

X Thfer. I have no objection, for we do not al- 
' ways enjoy such opportunities as the brightnest 
of the present evening affords. 

James. I wish very much to know how to 
distinguish the stai's, and to be able to call them 
l)y tlieir proper iiames. 

Tutor, This you may very soon learn ; a few 

evenings, weH improved, will enable you to dis- 

^ tinguish all the stars of the first magnitude 

which are visible, and all the relative positions 

* of the different constellations. 

^ James, What are constellations, sir ? 

Tlitar. The ancients, that they tnight the bet- 
ter distinguish and describe the stars, with re- 
gard to tneir situation in the heaTens, divided 
• * them iiito constellations, that is, systems con- 
•isting of such-stars as were near to each other, 
giving them the names of such men or things, 
as they fancied the space which they occupied 
in the heavens represented. 

Charles. Is it then perfectly arbitrary, that 
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one collection is called the great bear^ another 
tpe dragon ; a third Hercules^ and so on ? 

Tutor. It is ; and though there have been ad- 
ctitions to the number of stars in each constella- 
tion, and various new constellations invented by 
modern astronomersi yet the original division 
of the stars into these collections, was one of 
those few arbitrary inventions which has de- 
scended without alteration, otherwise than by 
addition, from the days of Ptolemy down to the 
present time. — Do you know how to find the 
lour Cardinal points, as they are usually called, 
the North, South, West, and East ? 

James. yes, I know that if I look at the sun 
at twelve o'clock at noon, I am also lopking to 
the south where he then is ; my back is towards 
the north ; the west is od my right hand, and 
the east on my left 

TSitor. But you must learn to find these points 
without the assistance of the sun, if you wish to 
be a young astronomer. 

Charles. I have often heard of the north poh 
star; that will perhaps answer the purpose of 
the sun, when he has left us. 

Tutor. You are right ; do you see those seven 
stars which are in the constellation of the Great 
Bear} some people have supposed their position 
will aptly represent a plough ; others say, that 
they are moreiike a wagon and horses; — ^the 
four stars representing the body of the wagoo, 
and the other three the horses, and hence they 
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are called by some the plough,- and by others 
they are called Charles's wain or wagon. Here 
is a drawing of it : (Plate v. Fig. l.^ a b d g 
represents the four stars, e z b the other three. 

Charles. What is the star t ? 

Tutor. That represents the polar star to which 
you just now alluded ; and you observe, that if 
a line were drawn through the stars b and a, 
and produced far enough, it would nearly touch 
it. 

James. Let me look in the heavens for it by 
this guide. There it is, I suppose; it shines 
with a steady, and rather dead kind of light, and 
it appears to me, that it would be a little to the 
right of the line passing through the stars b 
and a. 

Tutor. It would, and these stars are generally 
known by the name oithepointerSj because they 
point iopy the north pole, which is situated a 
little more than two degrees from the star p. 

Charles. Is that star always in the same part 
of the heavens ? 

Tkitor. It may be considered as uniformly 
maintaining its position, while the other stars 
aeem to move round it as a centre. We shall 
have occasion to refer to this star again ; at 
present, I have directed your attention to it, as 
a proper method of finding the Cardinal points 
by star-light. 

James. Yes, I understand now, that if I look 
to the north, by standing with my face to that 

z. 2 
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mary the soatb is at my back, on my right hand 
is the east, and the west on my left. 

Tktor. This is one important step in our 
astronomical studies ; but we can make use of 
these stars as a kind of standard, in order to 
discover the names and positions of others in 
the heavens. 

Charles. In what way must we proceed in this 
business. 

TSitor. I will give you an example or two ; 
conceive a line drawn from the star z^ leaving b 
a little to the left, and it will pass through that 
very brilliant star a, near the horizon towards 
the west. 

James. I see the star, but how am I to know 
its name? 

Tutor. Look on the celestial globe for the 
^tar r, and suppose the line drawn on the globe, 
as we conceived it done in the heavenSy and 
you will find the star, and its name. 

Charles. Here it is; — its name is Arcturus. 

Tutor. Take the figure, (Fi^ 1.) and place 
Arcturus at a, which is its relative position, in 
respect to the constellation of the ureat Bear. 
Now, if you conceive a line drawn. through the 
•tars g and ft, and extended a good way to the 
right, it will pass just above another very bril« 
liant star. Examine the globe as before^ and 
find its name. 

Charles. It is Capella^ the goat 

3fWor» Nowy whenever you see mny of these 
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stars, you will know where to look for the 
others without hesitation. 

James. But do they never move from their 
places ? 

Thitor. With respect to us, they seem to move 
together with the whole heavens. But they al- 
ways remain in the same relative position, with 
respect to each other. Hence, they are called 
Jixed stars, in opposition to the planets^ which, 
like our earth, are continually changing their 
places, both with regard to the fiiced stars, and 
to themselves also. 

Charles. I now understand pretty well the 
method of acquiring a knowledge of the names 
and places of the stars. 

Thiar. And with this, we will put an end to 
our present conversation. 



CONVERSATION XXIV. 



Of th^ Fixed SUn, and Ecliptic. 

Tkifor. I dare say that you will have no diffi- 
culty in finding the north polar star as sooa as 
we go into the open air. 
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James, I shall at once know where to look 
for that and the other stars which you pointed 
out last pight^ if they have not changed their 
places. 

TSitor. They always keep the ^me position, 
with respect to each other, though their situa- 
tion, with regard to the heavens, will be differ- 
ent at different seasons of the year, and in dif- 
ferent hours of the night. Let us go into the 
garden. 

Charles. The stars are all in the same place 
as we left them last evening. Now, sir, if we 
eonceive a straight line drawn through tfie two 
stars in the plough, which, in your figure (Fig. 
1.) are marked a and gy and to extend a good 
way down, it will pass, or nearly pass through a 
Tery bright star, though not so bright as Arc^ 
turns or Capella, what is that called ? 

TSitor. It is a star of the second magnitude, 
and if you refer to the celestial globe, in the 
same way as you were instructed last night, you 
will find it is called Begulus, or Cor Leonisy the 
Lion^s heart. By this method you may quickly 
discover the names of all the principal stars, 
and afterwards, with a little patience, you will 
easily distinguish the others, which are less con- 
spicuous. 

Charles. But they have not all names ; how 
are they specified ? 

Tutor. If you look on the globe, you will ob* 
serve, that they are distinguished by the differ- 
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ent letters of the Greek alphabet ; and in those 
coDStellatioDS, in which there are stars of dif- 
ferent apparent magnitudes, the largest is « 
alpha/ the next in idze is /3 beta, the third y 
gamma, the fourth S delta, and so on. 

James. Is there any particular reason for 
this? 

Thitor. The adoption of the characters of the 
Greek alphabet, rather than any other, was per- 
fectly arbitrary ; it is, however, of great im- 
portance, that the same characters should be 
used in general by astronomers of all countries, 
for by this means the science is in possession of 
a sort of universal language. 

Charles. Will you explain how this is ? 

Tk^iar. Suppose an astronomer in North 
America, Asia, or any other part of the earthy 
observe a comet in that part of the heavens 
where the constellaj^ion of the plough is situated, 
•nd he wishes to describe it to his friend in 
Great Britain, in order that he . may know, 
whether it was seen by the inhabitants of this 
island. For this purpose, *he has only to men- 
tion the time when he discovered it ; its posi- 
tion, as nearest to some one of the stars, calling 
it by the Gr^ek letter by which it is designated ; 
and the course which it took from one star to- 
wards another. Thus he might say, that at 
such a time he saw a comet near h in the Great 
Bear, and that its course was directed from ^ 
to fi, or any ether, as it happens. 
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Charles, Then^ if his friend here had seen a 
^ comet &t the same time, he would, by this means 
know, whether it was the same or a difterent 
comet? 

Tutor, Certainly, and henee you perceive of 
what importance it is, that astronomers in dif- 
^ ferent countries should agree to mark the same 
stars and systems of stars by the same charac- 
ters. But to return to that star, to which you 
Just called my attention, the cor leonis^ it is not 
only a remarkable star, but its position is also 
iiemarkable, it is situated in the ecliptic. 

James. What is that, sir ? 

Tkitor. The ecliptic is an'imaginary great eirw 
cle in the heavens, which the jsun appears to de- 
icrrbe in the course of a year. If you look on the 
celestial globe, you will see it marked wiiiiKred 
line, perhaps an emblem of the fierce heat com* 
municated to us by that body. 

James. But the sun seems to have a circular 
motion in the heavens every day. 

Tutor. It does ; and this is caHed its apparent 
diurnaly or daily motion, which is very differ- 
ent from the path which it appears to traverse 
in the course of a year. TYie former is observed 
by the most inattentive spectator, who cannot 
but know, that the sun. is seen every morning in 
the east, at noon in the south, and in the evening 
in the west ; but the knowledge of the latter 
must be thejesultof patient observation. 



OP THE SCLIP7IC. 131 

Charles, And what ib the green line whjch 
crosses it? 

Tkitor. It is called the Equator; this is an 
imaginary circle belonging to the earth, which 
you must take for. granted, a little longer, is of 
a globular form. If you can conceive the plane 
of the terrestrial equator to be produced to the 
sphere of the fixed stars, it would mark out a 
circle in the heavens, called the celestial eqtuitor 
or equinoctial^ which would cut the ecliptic in 
two parts. 

James. Can we trace the circle of the ecliptic 
in the heavens ? 

Tutor. It may be,done with tolerable accuracy 
by two methods ; first, by observing several re- 
markable fixed stars, to which the moon in its 
course seems to approach. The second method 
is by observing the places of the planets. 

Charles. Is the moon then always in the 
ecliptic ? 

Tutor. Not exactly so ; but it is always either 
ill the ediptic, or wiUiin five degrees and a third 
of it on one side or the other. The planets 
also, by which I mean. Mercury, Venus, Mars, 
Jupiter, Saturn, and the Herschel, are never 
more than eight degrees. distant from thi^ line 
of the ecliptic. 

James. How can we trace this line^ by help 
of the fixed stars ? 

Tk^tor, By comparing the stars in the hea- 
vens, with their representatives on the artificial 
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globe, a practice which may be easily acquired} 
as you have seen. I will mention to you the 
nauft^ of those stars, and you may first find 
them on the globe^ and then refer to as many of 
them as are now visible in the heavens. The 
first is in the Ram^s horn called a JirietiSi about 
ten degrees to the north of the ecliptic ; the se* 
eond is the star Mditbaranin the Bull's eye, six 
degrees saufh of the ecliptic. 

Charies/T Then if at any time I see these, two 
stars, I know that the ecliptic runs between 
them, and nearer to Aldebaran, than to that in 
the Ram's horn. 

Thitor* Yes ; now carry your eye eastward to 
a distance somewhat greater from Aldebaran^ 
than that is eadt of a Arietis, and you will per* 
ceive two bright stars at a small distance from 
one another called CtMtor und Pollux ; thelowef 
one, and that which is least brilliant, is Pollux, 
seven degrees on the north side of the ecliptic* 
Following the same track, you will come to 
SegutuSf or the cor leoniSf which I have already 
observed is exactly in the line of the ecliptie. 
Beyond this, and only two degrees south of that 
line, you will find the beautiful star in the vir» 
gin's hand, called S^a Virginia. You then ar* 
rive at *SntareSf or the Scorpion^ a hearty five de- 
grees on the same side of the eoliptic. After* 
wards you will find a Jiquilxy which is situated 
nearly thirty degrees north of the ecliptic ; and 
farthf'r on is the star F&makant in the fish's 
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moutb) about as many degrees south of that 
line. The ninth and last of these stars is Pe- 
gasuSf in the Tiring of the fiyiag-hofs^, which is 
north of the ecliptic nearly twenty degrees. 

Jayies. Upon what account are these nine 
stars particularly noticed ? 

Tutor. They are seketed as the most con- 
spicuous stars near the moon's orbit, and are 
considered as proper stations, from which the 
Inoon's distance is calculated for erery three 
hours of time t and hence are constructed those 
tables in the Nautical Jltmanatj by means of 
which navigators, in their most distant voyages, 
are enabled to estimate, on the^trackless ocean, 
the particular part of the globe on which they 
are. 

Charles. . What do you mean by the Nautical 
Almanac ? 

Tkitor. It is a kind Of National Almanac, in- 
tended chiefly for the use of persons traversing 
the mighty ocean. It was begun in the year 
176^7, by Dr. Maskelyne, the Astronomer Roy af, 
and is published by anticipation for several years 
beforehand, for the convenience of ships going 
out upon long voyages. This work has been 
found eminently important in the course of the 
late voyages rodnd the W^orM for making dis- 
coveries. 
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CONVERSATION XXV- 



Of Uie Ephemeria. 

Charles. Your second method of tracing the 
edipticy was by means of the position of the 
planets ; will you explain that now ? 

Tutor. I will ; and to render you perfectly 
qualified for observing the stars, I will devote 
(he present conversation to the purpose of ex- 
plaining, the use of White's Ephemeris, a little 
book which is published annually, and whtch is 
a necessary companion to every young astro* 
Isomer. 

James. Must we understand all this to study 
the stars ? 

* Tutor. You must ^ of some other book of the 
same kind^ if you would proceed on the best and 
most rational plan. Besides, when you know 
the use of this book, which you will completely 
with half an hour's attention, you have nothing 
more to do in order to find the position of the 
planets at any day of the year, than to turn to 
that day in the Ephemens, and you will instantly 
be directed to those parts of the heavens in 
which the different planets are situated. Turn 
to the second page. 
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Charles, Here the astronomical characters are 
explained. 

Tutor, The first twelve are 'the representa*' 
tives of the signs into which the circle of the 
ecliptic is divided, called also the twelve sigoi 

of the Zodiac^ 

• * 

*f Aries. ft Leo. f Sagittarm 

^ Taurus. 19^ Virgo. Vf Capricorn. , 

C Gemini. . 1^ Libra. ^ Aquarius. 

25 Cancer. ti|^ Scorpio. K Pisces. 

Every circle conneqted with this subject is 
supposed to be divided into 360 parts, called de- 
grees, and since that of the ecliptic is also di* 
vided into 19 signs, each sign roust contain 30 
degrees. Astronomers sub-divide each degree 
}otp minutes and seconds, thus if I would expres9 
ao angle of 25 degrees, 11 niinimtes, and 45 se- 
conds, I should write 25®.. 11'.. 45". Or, if I 
would express the situation of the sun for the 
Jst of January, 1800, 1 look into the Ephemeris 
and find it in Capricorn, or XJ 10°.. Se\ . 38". 

James, What do you ipean by the Zodiac ? 
- Tutor. It is tin imaginary broad circle or belt 
surrounding the heavens, about sixteen degrees 
wide ; along the middle of which runs the eclip- 
tic. The term Zodiac is derived from a Greek 
word signifying an animal, because each of the 
twelve signs formerly represented some animal ; 
that which we now call Libra, being by the an^ 
cleats reckoned a part of Scorpio. 



136 ASTROKOMy, 

m 

Janus., Why are the signs of the Zodiac call- 
ed by the several names of Aries, Taurus, Leo> 
&c.? I see no likeness in the heavens to Rams, or 
Bulls, or Lions, which are the English words for 
those Latin ones. 

TSitar. Nor do I ; nevertheless, the ancients 
saw, by the help oFa strong imagination, a simi- 
larity between those animals, and the places 
which certain systems of stars took up iir the 
heavens, and gave them the names which have 
continued to this day. 

Charles. Perhaps these were originally invent- 
ed, in the same way as we sometimes figure tq 
our imagination, the appearances of men, beasts, 
ships, trees, Slc in the flying doads or in the 
fire. 

Tutor. They might possibly have qo better 
authority for their origin. At any rate it will 
be useful for you to have the names of the 
twelve signs in your memory, as well as the 
order in which they stand: I will therefore 
j^epeat some lines written by Dr. Watts, in 
which they are expressed in English, and will 
be easily remembered : 

The Ram^ the Btitt, the A^ooen/y Twint, 
And next the Orab, the LHon shines, 

The FIrginf and the Seakat 
The fifijorpiont Jhrtktr^ and ^t^L-Croaif 
The' Man that holds the UHitering-pot^ 

And tFt>A With i^Utttrinf tails. 
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Charles. We come now * to the characters 
placed before the planets. 

Tvftor. These, like the former, are bat a kind 
^T short-hand characters, which it is esteemed 
easier to write, than the names of the planets at 
length. They are as follow : . 

!§. The Herschel^ ^ ® Tiie Sun. 
Ij Saturn. ' 9 Venus, 

ty Jupiter. 5 Mercury. 

% Mars. } The Moon. 

^ThfiiEarUi. 

With the other characters you have no .need to 
trouble yourselves, till you come to calculate 
eclipses, and construct astrononiical tables, a 
labour whieh miay be deferred for some years to 
come. Turn to the eighth page of the Ephe* 
meris. 

J4$fn€S.'Huye we no concern with the interme- 
diate pages between the second and eighth ? 

Ihtar, They do not contain any thing that 
requires explanation. In the eighth page, after 
the common almanac for January, the first two 
columns point out the exact time of the sun's 
rising and setting at London; thus on the 10th 
day of January he rises at 58 minutes after 7 in 
the morning, and sets at B minutes past 4 in th.e 
afternoon. The third column gives the deelind' 
tibn of the sun. ^ 

James. What is that, sir ? 
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Tutor. The declination of the suoi or of anjr 
heavenly body, is its distance from the imagi* 
nary ckcle in the heavjens, called the equiifpctiaL 
Thus you observe that the sun's declination on 
the 1st of January is 23^.. 4' south; or, it is so 
many degrees south of the imaginary equator. 
Turn to March, 1803, and you will see that be- 
tween the 20th and 2l8t days it is in the equa- 
tor, for at 12 o'clock at noon on the 201h it is 
only 25' south, and at the same hour on the 21st 
it is 1' north of that line: and wh6n it is in the 
equator, then it has no declination. 

Charles. Do astronomers always reckon from 
12 o'clock at noon ? 

Tutor. They do : and hence the astronomical 
day begins 12 hours later than the day accord- 
ing to common reckoning: and therefore the 
de^ination, longitude, latitude, &c. of the sun, 
moon, and planets, are always put down for 12 
o'clock, at noon of the day to which they are 
opposite. Thus the sun's declination for the 16th 
ot January at 12 o'clock is 20^.56' south. 

Charles. Is that because it is the commence- 
ment of the astronomical day, though in com* 
mon life it be called 12 o'clock ? 

Tutor. It is. The three next columns contain 
the moon's declination, the time of her rising 
.and setting, and the time of her southings or 
when she comes to the meridian or south partof 
the heavens* 
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Charles. Does she not come to the aouth at 
noon as well as the mn ? 

TWor. No: the moon never comes to the me- 
ridiaq at the same time as the sun, but at the 
tinie of new niopn. And this circamstanoe 
takes place at every new moon, as you may see 
by casting your eye down the several columns 
in the Ephemeris which relate to the moou^s 
southing. 

The glory, the changes, and the motidn of the 
moon, are beautifully described in the following 
lines : 

B^ thy command the Moon, as day-light fkdes^ 

Lifts her broad circle in the deep*ningf shades^ 

Arniy'd in glory, and entbton'd is lif )it, 

She breaka the solemn terrors of the night i 

Sweetly hiconstant in her ?arying flame, 

She changes still, another, yet the same ! 

Now In decrease, by slow deg^es she ahrottds 

Her fading lustre in a veil of clouds; 

Now of increlMe, her ^pth'ring beams display 

A blaze <if light, and give a paler dsy; 

Ten thousand stars adorn her glitfrtng train. 

Fall when she falls, and rise with her again i 

And o'er the deserts of the sky unfold 

Their burning spangles of sidereal gold ; 

Through the wide heavens she moves serenely bri|^t. 

Queen of the g^ay attendants of the night; 

Orb above orb in sweet confusion lies^ 

And witl^ a bright disorder paints the skiea. 

Bbooxx. 

Jiames. What do you say of the 7t|i cdumn :— 
the clock before the zun ? 
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. TuioT' A full explanation of that must be de- 
ferred till we pome to speak of the equation of 
time; at present it wiU be sufficient for you to 
know that if you are in possession of a very 
accurate ar^d yvejl regulated clock, and also of 
an ^^cellehjb sun-dia1| they will be together only 
four days in a year ; now this 7th column in the 
Ephemeris points out how much the clock is be- 
fore the sun ; or the sun beforp the clock for 
jBvery day in the year. On twelfth-day^ 1809, 
for instance^ the clock is faster th^n the sun by 
six minutes and twelve seconds : but if you turn 
io May-Tjiay yo\x will find th^tthe clock is3'..4" 
slower than the sun. 

James, What are the four days in the year, 
when the clock and dial are together? 

Tutor. About the 15th of April ; the l.5th of 
June; ^e Ist of September; and Christmas- 
day. 

Charles, By this table thea we m^y regulate 
our clocks and watches. 

James, In what manner? 

Charles. Examine on any particular day the 
clock or watch and dial, at the same time, say 12 
o'clock, and observe whether the difference be- 
tween them answers to the difference set down in 
the table, oppositie to the day of observation. 
Thus on the 12th of March, 1809, the clock will 
not show true time unless it be 10'. . 3" before 
the dial, or when the. dial is 12 o'clock it must 
be 10' . .3" past 13 by the clock or watch. 
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Thtor. Well, let us proceed to the next page. 
The first three shori columns, relating only to 
the duration of dayrli}fi;ht aud twilight, require 
no explanation : the fourth we shall pass over 
for the present ; and the remaining five give the 
latitude of the planets. 

James. What do you mean by the latitude, 
sir? 

Thitor. The latitude of any heavenly body is its 
distance from the ecliptic north or south. The 
latitude of Venus j on new-year's day, 1803, is 
4^ north. 

Charles. Then the /a/tVti^feof heavenly bodies, 
has the same reference to the ecliptiCy that decli- 
nation has to the equator? 

TSitor, It has. 

James. But I do not see any table of the sun's 
latitude. 

Tutor. I dare say your brother can give you 
a reason for this. 

Charles, Since the latitude of a heavenly bo* 
dy is its ^distance from the ecliptic, and since the 
sun is always in the ecliptic, therefore he can 
^ have no latitude. 

Tutor. The longitude of the sun and planets is 
the only thing in this page that remains to be 
^explained. The longitude of a heavenly body is' 
its distance from the first point of the sign Aries, 
f and it is me^ured on the ecliptic. It is usual, 
however^ as you observe in the Ephemeria, to 
exprises the longitude of a heavenly body by the 



^^^^^^■•••^■i** 
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degree of the sign in which it is. |jri this way 
the sun's longitude on the 1st of January^ 1809, 
is in Capricorn 10^. .45'. .1*4"; that of the moon 
jn Cancer 6^. .4'; that of Jupiter is in Pisces, 
13°. .35'. 

Charles. There are some short columns at 
the bottom of the former page that you have 
omitted. 

y\cior. The use of these will be better undeiy 
stood when we come to converse respecting th^ 
planets.* 



CONVERSATION XXVI. 



Of the Solar System. 

Tutor. We will now proceed to the descripr 
tion of the Solar System, 
. Jamea^ Of what does that consist, sir? 
Tiitor. It consists of the sun, and planet8| 
with their satellites or moons. It is called the 
Solar System^ from Sol the sun^ because the sun 
IB supposed to be fixed in the centre, while the 

* For the explanation ' of (leUiicentrip Longitude, see 
.Conversation XLI. 
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pl^nets^ and our earth among them^ revolve 
round him at different distances. 

Charles, But are there not some people who 
believe that the sun goes round the earth ? 

Thitor. Yes, it is an opinion embraced by the 
generality of persons, not accustomed to reason 
on these subjects. It was adopted by Ptolemy, 
who supposed the earth perfectly at rest, and the 
sun, planets, and fixed stars to revolve about it 
every twenty-four hours. 

James. And is not that the most natural sup- 
position? 

Tutor. |f the sun and stars were small bodies 
in comparison of the earth, and were situated 
at no very great distance from it, th^en the sys- 
tem maintained by Ptolemy and his followers 
might appear the most probable. 

James. Are the sun and stars very large bo- 
dies then ? 

Thitor. The sun is more than a million of 
times larger than the earth which we inhabit, 
and many of the fixed stars are probably much 
larger than he is. 

Charles. What is the reason, then, that they 
appear so small ? 

. Tutor. This appearance is caused by the im- 
mense distance there is between us and these 
bodies. It is known with certainty, that the 
sun is more than 9S millions of miles distant 
from the e^rth, and the nearest fixed star is pro- 
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bably more than two hundred thousand times fftr* 
ther from us than even the sun himself.* 

Charles. But we can form no conception of 
such distances. 

Tutor. We talk of millions, with as much ease 
as of hundreds or tens, but it is not, perhaps, 
possible for the mind to form any adequate con- 
ceptions of such high numbers. Several me- 
thods have been adopted to assist the mind in . 
comprehending the vastness of these distances. 
You have s^ome idea of the swiftness with which 
a cannon-ball proceeds from the mouth of the 
gun? 

James. I have heard at the rate of eight miles 
in a minute. 

TSitor. And you know how many minutes 
there are in a year? 

James. I can easily find that out, by multi- 
plying 365 days by 24 for the number of hours, 
and that product by 60, and I shall have the 
number of minutes in a year, which number is 
525,600. 

Tutor. Now if you divide the distance of the 
sun from the earth by the number of minutes in 
a year multiplied by 8, because the cannon-ball 
travels at the rate of 8 miles in one minute, and 

^^ The yontif reader will, when he is able to manage the j 

subject, see this clearly demonstrated by a series of propo- ^ 

aitionsin the 5th book of Dr. Enfield's Institutes of Natural 
Fhilosopby. Second Edition. See p. 346 to end of book V. 
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you will know how long any body issuing from 
the sun^ with the velocity of a cannon ball, would 
employ in reaching the earth. 

Charles. If I divide 95,000,000 by 525,600 
multiplied by 8, or 4,2^04,800, the answer will be 
more than 22 j the number of years taken for the 
journey. 

Thitor, Is it then probable that bodi^8 so large^ 
and at such distances from the earth, should re- 
volve round it every day ? 

Charles. I do not thmk it is.— Will you, sir, 
go on with the description of the Solar System f 

Tutor. According to this system, the sun is 
in the centre, about which the planets revolve 
from west to east^ according to the order of the 
signs in the ecliptic ; that is, if a planet is seen in 
Aries, it advances to Taurus, then to Gemini, 
and so on. 

James. How many plandts are there belong- 
ing to the sun ? 

Tutor. There are seven, besides some small- 
er bodies of the same kind discovered within 
these nine years. C (Pla^ V. Fig. 2.) repre- 
sents the sun, the nearest to which Mercury re- 
volves in the cFrcle a; next to him is the beauti- 
ful planet Venus^ who performs her revolution in 
the circle b; then comes the Earth in />• next to 
which is Mars in ey then Jupiivr in the circle/; 
afterwards Saturn in g; and far beyond him the 
Herschel planet performs his revolutioa in the 
VOL. I. — N 2 



146 ASTRONOMY. 

circle h. Do you recollect the lines ia Thom- 
son's Summer? 



-Rrtd thou, O San ; 



Soul^of surroundii^ worlds ! in whom best seen 
Shines out thy Maks^ ! may I sing of thee ? 
^is by thy secret, strong attractive force; 
As with a chain indissoluble bound, * , 

Thy system rolls entire : ih>m the.far bourne 
Of utmost Herschelf wheeling wide his round 
Of fourscore years ; to Mercury, whose difk 
Can scarce be caught by philosophic eye* 
Lost in the near enulgence of thy blaze. 

Chafles. You have substituted the words Her-- 
schely and fourscore, for Saturn and thirty. 
These lines are descriptive of the figure. 

James. For what ^u*e the smaller circles 
which are attached to several of the larger ones 
intended ? 

Thior. They are intended to represent the 
orbits of the several satellites or moons belong- 
ing to some of the planets. 

Jafnes. What do you mean by the word orbit? 

Tnitor, The path ^escribed by a planet in its 
course round the sun, or by a moon round its 
primary planet, is catjedits orbit. Look to the 
orbit of the earth in / (Fig. 2.) and you will see 
a little circle which represents the orbit in which 
out* moon performs its monthly journey. 

Charles. Has neither il/ercwry nor Penus diny 
moon? 
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Tutor. None have ever been discovered be- 
longing either to Merciiry, Venus, or Mars. Ju* 
piter, as you observe by tlfe figure, has four 
moons : Saturn has seven : and the Herschel 
(which also goes by the name of the Georgium 
Sidus) has six ; these for want of room are not 
drawn in the plate. 

Charles. The Solar Si/stem then consists of 
the s^n as the centre, round which revolves 
seven planets, aild eighteen satellites or moons. 
Are there no other bodies belonging to it? 

7\ttor. Yes,^ as I just observed, four other 
planetary bodies have been very lately disco- 
vered a$ belonging to the solar system. - These 
are very small, and named from the gentlemen 
who discovered them, who were Messrs. Piazzi, 
Olbers, and Harding. They are also called the 
Ceres Ferdinandea^ Pallas, Juno, and Vesta. 
There are comets also which make their ap* 
pearance occasionally ; and it would be wrong 
positively to affirm that there can be no other 
planets belonging to the solar system ; since, 
besides the four bodies just mentioned, it is only 
within these thirty years that the seventh or the, 
Herschel has been known to exist as a planet 
connected with this system. 

Charles, Who first adopted the system of the 
world which you have been describing? 

Tutor. It was conceived and taught by Py- 
thagoras to his disciples, 500 years nefore the 
time of Christ. But it seems soon to have been 
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disregarded y or perhaps totally rejected, till 
about 300 years ago, when it was revived by 
Copernicus, and is at length generally adopted 
by men of science : 

The sun revolving on his axis tumst 
And with creative fire intensely burns i 
Impell'd the fordire air, our earth supreme' 
Rotas with the planets round the solar gleam {] 
First Mercury completes her transient year* 
Glowing refulgent, with reflected glare i 
Bright Venus occupies a wider wav ; 
The early harbinger of night and day : 
liore distant still our globe terraqueous tumsb 
Kor chills intense, nor fiercely heated boms. 
Around her rolls the lunar orb of light, 
^Trailing her niver rlories through the night : 
Beyond our globe tne sanguine Mars di^uays 
A strong reflection of primeval raysi 
Next b^ted Jupiter far distant gleams. 
Scarcely en1ighten*d with the solar beams : 
With four unnz'd receptacles of light * 

He towers majestic through the spacious height ; 
But farther yet the tardy Saturn lags, 
^nd seven attendant luminaries drags ; 
Investing with a double ring his pace, 
He circles tbrougl^ immensity of space. 

CaiTTimTMr. 
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CONVERSATION XXVII. 



Of the Fifpire of the Earth* 

Tkitor, Having, in our last conversationy 
given you a description of the Solar System in 
general, we will now proceed to consider each 
of its parts, separately ; and since we are most 
of all coneerned with the earthy we will begin 
with that body* 

James. You promised to give us some rea- 
sons why this earth must be in the form of a 
globe and not a mere extended plane, as it ap- 
pears to common observation. 

Tutor. Suppose you were standing by the 
searshore, on a level with the water, and at a 
very considerable distance, as far as the eye can 
reach, you observe a ship approaching, what 
ought to be the appearance, supposing the sur- 
face of die sea to be a flat plane? 

Charles. We should, I think, see the whole 
ship at once, that is, the hull would be visible as 
soon as the top-mast 

Tlttar. It certainly must, or indeed rather 
sooner, because the body of the vessel being so 
much larger than a slender mast, it must oe« 
cessarily be visible at a greater distance. 

N 2 
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James. Yes, I can see the steeple ofa cburch 
at a much greater distance than I can discern 
the iron conductor which is upon it, and that I 
can perfectly see long before the little piece of 
gold wire, which is fixed at its extremity, is 
visible. j 

Thitor. Welly but the top-mast of a vessel at 
sea is always in view some little time before the 
hull of the vessel can be discerned. Now, if the 
surface of the sea be globular, this ought to be 
the appearance, because the protuberance or 
swelling of the water between the vessel and 
the eye of the spectator, will hide the body of 
the ship some time after the pendant is seen 
above. 

Charles. In the same way as if a high build- 
ing, a church for instance, were situated on one 
side of a hill, and I was walking up on the oppo* 
site side, the steeple would come first in sight, 
and, as I advanced towards the sunimit, the other 
parts would come successively in view. 

TSitor, Your illustration is quite to the pur- 
.pose: in the same way two persons, walking 
up a hill Qn the opposite sides, will perceive 
each other's heads first; and as they advance 
to the top, the other parts of their bodies will 
become visible! With respect to the ship, the 
following figure will convey the idea very com- 
pletely. (Plate V. Fig. 3.) Suppose gab repre- 
sent a small part of the curved surlkce of the sea : 
if a spe^tor stand at b, while a ship is at c. 



or THB VI&UBS OP THS SABTH. 151 

only a sipall part of the mast is Tisible to him, 
biit as it advances, more of the ship is seen, till 
it arrive at e, when the whole will be ip sight: 

Behold, when the elad ship shoots from the port 
Upon ftill saily the hulk first disappear^ 
And then the lower, then the higner sails ; 
At len^ the summit of the towerinfi^ m&st 
Alone is seen : nor less, when from t£e ship 
The longing^ sailor's eye, in hope of sltore : ^ 

For then, from the top nuwt, tho' more remote 
Than either deck, the shore is first beheld. 

I^Ffx^s EvnosiA. 

Charles. When I stood by the sea-side the 
water did not appear to me to be curved. > 

7\£/or. Perhaps not ; but its convexity may 
be discovered upon any still water ; as upon a 
river, which is ej^tended a mile or two in length, 
for you might see 9^ very small boat at that 
distance while standing upright; if then you 
stoop down so as to bring your eye near the 
water, you will find the surface of it rising in 
such a manner as to cover the boat, and inter- 
cept its view completely. Another proof of the 
globular figure of the earth is, that it is neces- 
sary for those who are employed in cutting ca- 
nals, to make a certain allowance for the con- 
vexity ; since the true level is not a straight 
line, but a curve which falls below it eight- 
inches every mile. 

Charles. I have heard of people sailing round 
the world, which is another proof, I imagine, of 
tfie globular figure of the earth. 
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Tutor. It 10 a well known fact that navigators 
have 0et out from a particular port^ and by 
steering their course continually westward^ 
have at length arrived at the same place from 
whence they first departed. Now had the earth 
been an extended plane, the longer they had 
travelled, the farther must they have been from 
home. 

Charks. How is it known that they continu- 
ed the same course ? might they not have been 
driven round at open sea? 

Tutor. By means of the mariner's compass, 
the history, property, and uses of which, I will 
explain very particularly in a future part of our 
lectures, the method of sailing on the ocean by 
one certain track, is as sure as travelling on the 
high London road from the metropolis of York. 
By this method, Ferdinand Magellan sailed in 
the year 1519 from. the western coast of Spain, 
and dontinued his voyage in a westward course 
till he arrived after \\%A days in the same port 
from whence be set out. The same with respect 
to Great Britain, was done by our own country* 
men Sir Francis Drake, Lord Anson, Captain 
Cook, and many others. 

Charks. Is then the common terrestrial globe 
a just representation of the earth ? 

Tutor. It is, with this small difference,* that 

* Virhat the earth lojies of its sj^ericity, by mountains and 
TsUeysy is veiy inconsldenble : the highest mountain bearing 
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the artificial globe is a perfect sphere, whereas 
the earth is a spheroid, that is, in the shape of 
an oranf;e,.the diameter from pole to pole being 
about 37 miles shorter than that at the equator. 

James. What are the poles, sir? 

Tutor. In the artificial globe (Plate V. Fig. 
4.) there is an axis n s about which it turns; 
now the two extremities or ends of this axis n 
and s are called the poles. 

The globe terreitria], with its slanting p*61es» 
And all its pond'rous load, unwearied rolls. 

B&AGKVOBS. 

Charhs\ Is there any axis belonging to tlie 
earth? 

TSitor. No ; but, as we shall to-morrow show, 
the earth turns round once in every 24 hours, so 
astronomers imagine an axis upon which it re- 
volves as upon a centre, the extremities of which 
imaginary axis are the poles of the earth, of 
these V the north pole points at all times exactly 

so little {iroportion to its balk, as scarcely, to be equivalent 
to the mmutcst protubeitnce on thesur&ce of an orange : 

These inequafities to us seem great ; 
But to an eye that comprehends the whole, 
The^tumour which to us so monstrous seems 
Is as a grain of sparkling sand that clings 
To the smooth surface m a sphere of glass : 
Or as a fly upon the convex dome 
Of A subUme, stupendous edifice. 

LOITT. 
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topf (Fig. 1.) the north pole of the heavens whieh 
we have already deacribed, and which is^ as you 
recollect, within two degrees of the. polar star. 

James. And how do you define the equator? 

J\iior, The equator a b (Fig. 4.) is the 

circumference of an imaginary circle passing 

* through the centre of the earth, perpendicular 

to the axis k Sy and at equal distances from the 

poles. 

Charles* And I think you told us, that if we 
conceived this cirde extended every way to 
the fixed stars, it would form the celestial equa* 
tor. 

TSitor. I did : it is also called the equinoctial, 
and you must not forget, that in this case it 
would cut the circle of the ecliptic c d in two 
points. 

James. Why is the ec/ij9/»c marked on the ter* 
restrial globe, since it is a circle peculiar to the 
heavens? 

Thtor. Though the ecliptic be peculiar to the 
heavens, and the equator to the earth, yet they 
are both drawn on the terrestrial and celestial 
globes, in order, among other things, to show 
the position which these imaginary circles have 
to one another. 

I shall now conclude our present conversa- 
tion, with observing, that besides the proofs 
adduced for the globular form of the earthy there 
are others equally conclusive, which will be 
better understood a few days hence. 
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CONVERSATION XXVIII. 



Of the Diumtl Motion of the Earth. 

Tuior. Welly gentlemen, are you satisfied that 
the earth on which you tread is a globular body 
and not ^ mere extended plane ? 

Charles. Admitting the facts which you men- 
tioned yesterday, viz. that the top-roast of a ship 
at sea is always visible before the body of the 
vessel comes into sight ; — that navigators have 
repeatedly, by keeping the same direction, sailed 
round the world ; — and that persons employed 
in digging canals, can only execute their work 
with effect, by allowing for the supposed globu- 
lar shape of the earth, it is evident the earth 
cannot be a mere extended plane. 

James. But all these facts can be accounted 
for, upon the supposition that the earth is a 
globe, and therefore you conclude it is a globe : 
this was, I believe^ the nature of the proof? 

Tuior. It was ; let us now advance one step 
further, and show you that this globe turns on an 
imaginary axis every twenty-four hours ; and 
thereby causes the succession of day and night : 

' And earth self-balanc'd on her centre bung. 

^▲B, Lost. 
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James. I shall wonder if you are able to afford 
such satisfactory evidence of the daily motion 
of the earth, as of its globular form. 

Tutor. I trust, nevertheless, that the argu-* 
ments on this subject will be sufficiently convinc- 
ing, and that before we part you will admit, 
that the apparent motion of the^sun and stars is 
occasioned by the diurnal motion of the earth. 

Charles. I shall be glad to hear how this can 
be proved ; for if in the morning, I look at the 
sun when rising, it appears in the east, at noon 
it has travelled to the south, and in the evening I 
see it set in the western part of the heavens. 

James. Yes, and we observed the same last 
night (March the 1st) with respect to ArtturuSj 
ier about eight o'clock it had just risen in the 
northrcast part of the heavens, and when we 
went to bed two hours after, it had ascended a 
good height in the heavens, evidently travelling 
towards the west 

TutOT^ It cannot be denied that the heavenly 
bodies appear to rise in the east and set in the 
west ; but the appearance will be the samt to us, 
whether those bodies revolve about the earth 
while that stands still, or they stand still while 
the earth turns on its axis the contrary way. 

Charles. Will you explain this, sir? 

Tutor. Suppose, o b c b (Plate vi. Fig. 5.) to 
represent the earth, t the centre on which it 
turns from west to east, according to the order 
of the letters o b c b. If a spectator on the sur- 
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face of the earth at b, see a star at h, it will appear 
to him to have just risen ; if now the earth be 
supposed to turn on its axis a fourth part of a 
revolution, the spectator will be carried from r 
to Cf and the star will be just over his head ; 
when another fourth part of the revolution is 
conipleted, the spectator will be at b, and to 
him the. star at h will be setting,, and will not.be 
visible again till he arrive, by the rotation of the 
earth, at the station r. 

Charles. To the spectator, then, at b, the ap- 
pearance would be the same whether he turned 
with the earth into the situation b, or the star at 
H had described, in a contrary direction, the 
space H z o in the same time. 

Tuton^. It certainly would. 

James. But if the earth really turned on' its 
axis, should we not perceive the motion. 

Tutor. The earth in its diurnal rotation being 
subject to no impediments by resisting obstacles, 
its motion cannot affect the senses. In the same 
way ships on a smooth sea are frequently turned 
entirely round by the tide, without the know- 
ledge of those persons who happen to be busy 
in the cabin or between the decks. 

Charles. That is, because they pay no atten- 
tion to any other object but the vessel in which 
they are. Every part of the ship moves with 
themselves. 

James. But if while the ship is turning, with- 

VOL. I. — O 
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out their knowledge, they happen to be looking 
at fixed distant objects, what will be the ap- 
pearance ? 

Tutor. To them, the objects which are at 
rest will appear to be turning roiTnd the„contrary 
wa^Fb In the same manner we are deceived in 
the motion of the earth round its axis; for if we 
attend to nothing but -what is connected with 
the earth, we cannot perceive a motion of 
which we pattake ourselves, and if we fix our * 
eyes on the heavenly bodies, the motion of the 
earth being so easy, they will appear to be turn- 
ing in a direction contrary to the real motion 
of the ea^th. 

Charles. I have sonietimes seen a sky-lark 
hovering and singing over a particular field for 
several minutes together ; tiow if the earth is 
continually in motion while the bird remains in 
the same part of the air, why do we not see the 
field, over which he first ascended, pass from 
under him ? 

T}utor. Because the atmosphere, in which the 
lark is suspended, is connected with the earth, 
partakes, of its motion, and carries the lark 
along with it ; and therefore, independently of 
the motion given to the bird by the exertion of 
its wings, it has another in common with the 
earth, yourself, and all things on it, and being 
common to us all, we have no methods of ascer- 
taining the fact by means of the senses. The 
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rotation of the eavtK on its axis^ the smoothneas 
of its motion^ and its effect on the atmosphere^ 
are described by Milton in three lines : 



-That spinning sleeps 



On her soft axle as she paces even, 

And beaxs us swift with the smooth air along. 

James. Though the motion of a ship cannot 
be observed without objects at rest to compare 
with it, yet I cannot help thinking that if the 
earth moved, we should be able to discover it 
by means of the stars if they are fixed. 

Tutor. Do you not remember once sailing 
▼ery swiftly on the river, when you told me that 
you thought all the trees, houses, &c. on its 
banks were in mption ? 

James. I now recollect it well, and I had 
flome difficulty in persuading myself that it tvas 
not so. I 

Charles. This brings to my mind a still 
stronger deception of this sort : ivben travelling 
with great speed in a post-chaise, I suddenly 
waked from sleep in a smooth but narrow road, 
and I could scarcely .help thinking, for several 
minutes, but that the trees and hedges were 
running away from us, and not we from thexn. 

Thitor. I will mention another curious instance 
of this kind : if you ever happen to travel 
pretty swiftly in a carriage by the side of a field 
ploughed into long narrow ridges, and perpen- 
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dioular to the road, you will think that all the 
ridges are turning round in a direction contrary 
to that of the carriage. Thes^ facts may satisfy 
you that the appearances will be precisely the 
same to us, whether the earth turn on its axis 
from west to east, or the sun and stars move 
from east to west 

James. They will: but which is the more 
natural conclusion ? 

Tutor. This you shall determine for yourself. 
If the earth (Plate v. Fig. 4.) turns on its axis 
in 24 hours, at what rate will any part of the 
equator a b move ? 

Charles. To determine this we must find the 
measure of its circumference, and then dividing 
this by 84 we shall get the number of miles 
passed through in an hour. 

Tutor. Just so : now call the semi-diameter 
of the earth 4000 miles, which is rather more 
than the true measure. 

• James. Multiplying this by six* will give 
84,000 miles for the circumference of the earth 

* If the reader would be accYirate in hia calculations he must 
take the mean radius of the earth at '3965 mUes, and this 
multiplied bv 6,28311 will give 24)912 miles for the circum- 
ference. Through the remainder of this work» the decimals 
in multiplication are omitted in order that the mind may not 
be burdened with odd numbers. It seemed necessary, how- 
ever, in this place to give the true semi-diameter of the eartb* 
and the number (accurate to five places of decimals) by 
which if the radius of any circle be multiplied, tho circum- 
ference is obtained. 
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at theequator, and this divided by 24, gives 
lOOO miles for the spaee passed through, in an 
hour. 

Tutor. You are right The sun, I have al- 
ready told you, is 95 millions of miles distant 
from the earth : tell me therefore, Charles, at 
what rate that body must travel to go round the 
earth in 24 hours? 

Charles. I will ; 95 millions multiplied by 
iix will give 570 millions ofmilesfor the length 
of his circuit, this divided by 24 gives nearly 
24 millions of miles for the space he must travel 
in an hour, to go round the earth in a day. 

T\itar. Which now is the more probable con- 
clusion, either that the earth should have a diur- 
nal motion on its axis of 1000 miles in an hour, 
or that the sun, which is a million of times 
larger than the earth, should travel 24 millions 
of miles in the same time ? 

Jame^. It is certainly more rational to con- 
clude that the earth turns on its axis, the effect 
of which you told us was the alternate succes- 
sion of day and night 

Tutor, I did ; and on this and some other 
topics we will enlarge to-morrow. 



o2 
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CONVERSATION XXIX. 



Of Day snd Night 

James. You are now, sir, to apply the rota- 
tion of the earth about its axis to the suceessioo 
of day and night. 

Tut(^. I will ; and for this purpose^ suppose 
o R c B (Plate vj. Fig 5.) to be the earth, re» 
volving on its axis, according to the order of the 
letters, that is, from o to r, r to c, &c. If the 
sun be fixed in the heavens at z, and a line h o 
be drawn through the centre of the earth Xy it 
will represent that circle, whictf when extended 
to the jieavens is called the rational horizon. 

Charles, In what does this differ from the 
sensible horizon? 

Tutor. The sensible horizon is that circle in 
the heavens which bounds the spectator's view^ 
and which is greater or less, according ai he 
stands higher or lower. For example ; an eye 
placed at^2;e feet above the surface of the earth 
or sea, sees 2| miles every way : But if it be at 
20 feet high, that is four times the height, it will 
see 5i miles, or twice the distance.* 

• See Dr. Ashworth's Trifonometiy* Prop. 31. 2d Edi- 
tion, 1803. /» *- 
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Charles. Then tiiesensibk difiers from the ra- 
tional horizon in this, that the former is seen 
from the surface of the earth, and the latter is 
supposed to be viewed from its centre. 

Tiitor, You are right; and the rising and 
setting of the sun and stars are always reierred 
to the rational horizon. 

James. Why so? they appear to rise and set 
as soon as they get above, or sink below that 
boundary which separates the visible from the 
invisible part of the heavens. 

TSitor. They do not, however : and the reason 
jis this, that the distance of the sun and fixed 
/stars is so great in comparison of 4000 miles 
^the difference betweea the surface and centre 
oi the earth,) that it can scarcely be taken into 
account. 

CharleSi But 4000 miles seem to me an im- 
mense space. 

Thitor, Considered separately, they are so, 
but when compared with 95 millions of miles, 
the distance of the sun from the earth, they 
almost vanish as nothing. 

James* But do the rising and setting of the 
moon, which is at the distance of 240,000 miles 
only, respect also the rational horizon ? . 

Thtor. Certainly; for 4000 compared with 
240,000, bear only the proportion of 1 to 60. 
Now if two spaces were marked out on the 
earth in different directions, the one 60, and the 
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other 61 yards, should you at once be able to 
distinguish the greater from the less? 

Charles. I think not 

Tutor. Just in the same manner does the 
distance of the centre from the surface of tlie 
oarth yanirii in comparison of its distance from 
the moon. 

' James. We must not, however, forget the 
succession of day and night 

Tutor. Well then ; if the sun be supposed at 
z, it will illuminate by its rays all that part of 
the earth that is above the horizon h o : to the 
inhabitants at o, its western boundary, it will 
appear just rising : to those situated at r, it will 
be noon^ and to those in the eastern part of the 
horizon c, it will be setting. 

Charles. I see clearly why it should be noon 
to those who live at b, because the sun is just 
over their heads, but it is not so evident, why 
the sun must appear rising and setting to those 
who are at o and c. 

TuiCfr. You are satisfied that* a spectator can- 
not, from any place, observe more than a semi- 
circle of the heavens at any one time ; now-what 
parts of the heiifvens will the spectator at e ob- 
serve? 

James. He will see the concave hemisphere 

Tutor. The boundary to his view will be jr 
and z, will it not? 
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Charles. Yes ; and consequently the sun at z, 
will to him be just doming into sight. 

Tutor. Then, by the rotation of the earth, the 
spectator at o will in a few hours come to R, 
when, to him, it will be noon; and those who 
live at B, will have descended to c ; now what 
part of the heavens will they see in this situa- 
tion ? 

James. The concave hemisphere n h z, and 
Zf being the boundary of their view one way, 
the sun will to them be setting. 

Tutor. Just so. After which they will be 
turned away from the sun,, and consequently it 
will be night to them till they come again to 6. 
Thus, by this simple motion of the earth on its 
axis, every part of it is, by turns, enlightened 
and warmed by the cheering beams of the sun. 

Charles. Does this motion of the earth ac- 
count also for the apparent motion of the fixed 
stars? 

Tutor, It is owing to the revolution of the 
earth round its axis, that we imagine the whole 
starry firmament revolves about the earth in 24 
hours. 

James. If the heavens appear to turn on an 
axis, must there not be two points, namely, the 
extremities of that imaginary axis, which always 
keep their position ? 

Tutor. Yes, we must be understood to except 
the two celestial poles which are opposite to the 
poles of the earth, cpnsequently each fixed star 
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appears to describe a greater or a less circle 
round these, according as it is more or less re- 
mote from those celestial poles. 

Charles, When we turn from that hemisphere 
in-which the sun is placed, we immediately gain 
sight of the other in which the stars are situated. 

Tutor. EJvery part of the heaven is decorated 
with these glorious bodies : and 

Nirht opes the noblest sceneiy and sheds sn swe» 

Which gives those venerable scenes full weight. 

And deep reception in th' intender'd heart 

This gorgeous apparatus! This^play! 

This ostentation of cceative power ! 

This theatM ! what eye qan take it in ? 

By what divine enchantment was it nus'd 

For minds of the first magnitude tokunch 

In endless speculation, and adore ? 

One sun by day, by nig^t ten thouiand shine : 

And light us deep into the Peity ; 

How boundleis in magnificence and might ! 

Tow*. 

James. If every part of the heavens be thus 
aijlornedy why do we not see the stars in the day 
as well as the night ? 

Tutor. Because in the day time, the sun's 
rays are so powerful, as to render those coming 
from the fixed stars invisible. But if you ever 
happen to go down into any very deep mine, or 
coal-pit, where the rays of the sun cannot reach 
the eye, and it be a clear day, you may by look- 
ing up to the heavens, see the stars at noon as 
well as in the night. 
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Charles. If the earth always revolve on its 
axis ia 24hout9, why does the length of the days 
and nights differ indifferent seasons of the year? 

Tutor, This depends on other causes con- 
nected with the earth's annual journey tound 
the suuy upon which we will converse the next 
time we meet. 



CONVERSATION XXX- 



Of the Annual Motion of the Eartli. 

Tutor. Besides the diurnal motion of the 
earth by which the succession of day and night 
is produced; it has another, called its annual 
motion, which is the journey it performs round 
the sun in 365 days, 5 hours, 4S minutes, and 
49 seconds. . 

Charles. Are the different seasons to be ac- 
counted for by this motion of the earth ? 

Tutor. Yes, it is the cause of the different 
lengths of the days and nights, and consequent- 
ly of the different seasons, viz. Spring, Summer^ 
Autumn, and Winter: 
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It shifts the seasons, months, and days, 
The short-liv'd offspring of revolving time ; 
By turns they die, by turns are born. 
Now cheerful Spring the circle leads 
And strews with fiow'rs the smiling meads ; 
Gay Summer next', whom russet robes adorn. 
And waving fields of yellow corn ; 
Then Autumn, who with lavish stores the lap of Na- 
ture spreads { 
Decrepit Winter, laggard in the dance 
(Like feeble age opprest with pain,) 
A heavy season does maintain. 
With driving snows and winds and rain ; 
Till Spring recruited to advance. 
The various year rolls round again. 

HUOHBS. 

James. How is it known that the earth makes 
this annual journey round the sun ? 

Tutor, I told you yesterday, that through the 
shaft of a very deep mine, the stars are visible 
in the day as well as in the night ; they are also 
visible in the day time, by means of a telescope 
properly fitted up for the purpose ; by this me- 
thod, the *^un and stars are visible at the same 
time. * Now if the sun be seen in a line with ft 
fixed star, to-day at any particular hour, it will, 
in a few weeks, by the motion of the earth, be 
found considerably to the east of him : and if 
the observation's be continued through the year, 
we shall be able to trace him round the heavens 
to the same fixed star from which we set out : 
consequently, the sun must have made a journey 
round the earth in that time ; or the earth round 
him. 
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Charles. And the sun being a million of timeft 
larger than the earth, you will say that it is more 
natural, that the smaller body should go round 
the larger, than the reverse. 

Thtor. That is a proper argument ; but it 
may be stated in a much stronger manner. The 
sun and earth mutually attract one another, and 
since they are in equilibrio by this attraction, 
you know, their momenta must be equal,* there- 
fore the earth being the smaller body, must make 
out by its motion what it wants in the quantity 
of its matter, and, of course, it must be that 
whiuh performs the journey. 

James. But if you refer to the principle of 
the lever, to explain the mutual attraction of the 
sun and earth, it is evident that both bodies 
must turn round some point as a common centre. 

7\ttor. They do ; and that is the common 
centre* of gravity of the two bodies. Now this 
point between the earth and sun is within the 
surface of the latter body. 

Charles. I understand how this is ; because 
the cilitre of gravity between any two bodies, 
must be as much nearer to the centre of the 
larger body than the smaller, as th^ former con- 
tains a greater quantity of matter than the lat- 
ter. 

Tutor. You are right : but you will not con- 
clude that, because the sun is a million of times 

• See Conversation XIV. p. 73. 
^VOl. I. — P 
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larger than the earth, therefore it contains a 
quantity of matter, a million of times greater 
than that aontained in the earth. 

James, Is it then known, that the earth is 
composed of matter more dense than that which 
composes the body of the sun ? 

Tutor. The earth is composed of matter four 
times denser^than that of the sun ; and hence the 
quantity of matter in the sun is between two 
and three hundred thousand times greater than 
that which is contained in the earth. 

Charles. Then for the momenta of these two 
bodies to be equal, the velocity of the earth must 
be between two and three hundred thousand 
times greater than that of the sun. 

Tutor. It must : and to effect this, the centre 
of gravity between the sun and earth, must be 
as much nearer to the centre of the sun, than it 
is to tlie centre of the earth, as the former body 
contains a greater quantity of matter than the 
latter : and hence it is found to be several thou- 
sand miles within the surface of the sun. 

James. I now clearly perceive, that since one 
of these bodies revolves about the other in the 
space of a year, and that they both move round 
their common centre of gravity, that it must, of 
necessity, be the earth which revolves about the 
sun, and not the sun round the earth. 

Tutor. Your inference is just To suppose that 
the sun moves round the earth, is as absurd as 
to maintain, that a mill-stone could be made to 
move round a pebble. 
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CONVERSATION XXXI. 



Of the Seasons.' ^ 

Tutor. I will now show ymL how the different 
seasons are produced foy the annual motion of 
the earth. "^ 

James. Upon what do they depend, sir ? 

Tutor. The variety of the seasons depends 
(I9) upon the length of the days and nights ; and 
9 (2,) upon the position of the earth with respect 
to the sun. 

' Charles. But if the earth turn round its inia- 
^nary axis every 24 hours, ought it not to en- 
joy equal days and nights all the year ? 

Thtor. This would be the case if the axis of the 
earth n s (Plate vi. Fig. 6.) were perpendicular 
to a line c £ drawn through the centres of the sun 
and earthy for then as the sun always enlight- 
ens one half of the earth by its rays, and as it is 
day at any given place on the globe, so long as 
that pl^ce continues in the enlightened hemi- 
sphere, every part, except the two poles, must, 
during its rotation on its axis, be one half of its 
time in the light and the other half in darkness: 
or, in other words, the days and nigjits jyould 
be equal to all <tbe inhabitants of the earth, ex- 
cepting to those, if any, who live at the poles. 
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James, Why do you except the people at the 
poles ? 

Tutor. Because the view of the spectator 
situated at the poles n and s, must be bounded 
by the line c, £, consequently to him the sun 
would never appear to rise, or* set, but always 
be in the horizon. 

Charles. If the««arth were thus situated, would 
the rays of the sun always fall vertically to the 
same part of it ? 

TSitor. They would : and that part would be 
£ Q' the equator ; and, as we shall presently 
show, the heat excited by the sun being greater 
or less in proportion as its rays come more or 
less perpendicularly upon any body, the parts of 
the earth about the equator would be scorched 
up, while those beyond forty or fifty degrees 
on each side of that line and the poles, would 
be desolated by an unceisising winter : 



-Some my the san 



Was bid turn reins from th' eqmnoditil rokd 
Up to the Tropic Crab / thence down amain 
By Leo, and the Virgin, and the Seaks 
As deep as Caprioom, to bring in change 
Of seasons to each clime : else had the spring 
Perpetual smil'd on earth with verdant flowers, 
Equal in days and nights, except to those 
Beyond the pokar circles « to them day 
Had unbenighted shone, while the low sun 
To recompense his distance, in their sight 
Had rounded still th' horizon. 

Pab. Lost, Book x. 1. 672. 



or THS SSASONS. 173 

James. In what manner is this prevented ? 

Tutor. By the axis af the earth n s (Plate yj. 
Fig* 7.) being inclined or bent about twenty- 
three decrees and a half out of the perpendicu- 
lar as it is described by Milton : 



He bid his angles turn askance 



The poles of earth twice ten degrees and more 
From the sun's axis. 



In this case you observe, that all die parallel 
circles, except the equator, are divided into two 
unequal parts, having a greater or less portion of 
their circumferences in the enlightened, than in 
the dark hemisphere, according to their situa- 
tion with r;sspect to v the north, or s the south 
pole. 

Charles, At what season of the year is the 
earth represented in this figure ? 

Tutor. At our summer season : for you ob- 
serve that the parallel circles in the northern 
hemisphere have their ^eater parts enlightened 
and their smaller parts m the dark* If n i. re- 
present that circle of latitude on the globe in 
which Great Britain is situated, it is evident 
that about two-thirds of it is in the light and on- 
ly one-third in darkness. 

You Wxlirememh^vXiidiparaUek of latitude 
are supposed circles on the surface of the earth, 
and are shown by real circles on its representa* 
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tive the terrestrial globe, drawn parallel to the 
equator. 

James. Iv that the reaion why our days to- 
wards the middle of June are sixteen hours 
longy and the nights but eight hours ? 

Tutor. It is : and if you look to the parallel 
next beyond that marked o x«y you will see a 
still greater disproportion between the day and 
nighty and the parallel more north than this is 
entirely in the Kght 

Charles. Is it then all day there ? 

Tutor, To the whole space between that and 
the pole it is continual day for some time, the 
duration of which is in proportion to its vicini- 
ty to the pole ; and at the pole there is a per* 
tnanent day-light for six months- together. 

James. And during that time it must, I sup- 
pose, be night to the people who live at the 
south-pole ? 

Thitor. YeSy the figure shows that the south- 
pole is in darkness ; and you may observe, that 
to the inhabitants living in equal parallels of 
latitude, the one north, and the other south, the 
length of the days to the one will be always 
equal to the length of the nights to the other. 

Charles. What then shall we say of those who 
live at the equator, and consequently who have 
no latitude ? 

Tutor. To them the days and nights are a/* 
ways equal, and of course twelve hours each in 
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lengthy and this iis also evident from the figure, 
for iniB very position of the globe one half of the 
equator is in the light and the other half in 
darkness. 

James. If, then, the length of the days is the 
cause of the different seasons, there can be no 
variety in this respect, to those who live at the 
equator. 

Tttior. You seem to forget that the change in 
the seasons depends upon the position of the 
earth with respect to the sun, that is, upon the 
perpendicularity with which the rays of light fall 
upon any particular part of Uie earth ; as well as^ 
upon the length of days, 

Charles. Does this make any material differ- 
ence with regard to the heat of the sun ? , 

Tutor. It does; let a b (Plate vi. Fig. 8.) 
represent a portion of the earth's surface, on 
which the sun^s rays fall . perpendicularly ; let 
B c represent an equal portion on which they 
fall obliquely or aslant. It is manifest that b c, 
though it be equal to a b, receives but half the 
light and heat that a b does. Moreover, by the 
sun's rays coming more . perpsndicularly; they 
come With greater force, as well as in greater 
numbers, on the same place. 
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CONVERSATION XXl^II. 



I Of the Seasons. 

Tutor, Let us now take a view of the earth in 
its annual course round the sun, considering its 
axis as inclined 23i degrees to a liiie perpendicu- 
lar to its orbity and keepings thn)ugh its whole 
journi^y a dijrection parallel to itself ; and you 
will find, that according as the earth is in difr 
ierent parts of its orbit, the pays of the sun are 
presented perpendicularly to the equator, and to 
every.pointof the globe, within 93^ degrees of 
it botli^orth and south. 

This figure (Plate vi. Fig. 9.) represents the 
earth in four different parts of its orbit, or as it 
is situated with respect to the sun in the months 
of March, June, September, and December* 

Charles. The earth's orbit is not made circu- 
lar in the fieure. 

Tutor. No : But the orbit itself is nearly cir* 
cular, but we are, however, supposed to view it 
from the side b d, and therefore, though almost 
a circle, it appears to be a long ellipsis. All cir- 
cles appear elliptical in an oblique view, as is 
evident, by looking obliquely at the rim of a ba- 
^in^ at some distance from you. For the true 
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figure of a circle can only be seen, when the eye 
is directly over its centre. You observe that 
the sun is not in the centre. 

James, I do; and it appears nearer to the 
earth in the winter, than in the summer. 

Tutor. We are indeed more than three mil- 
lions of miles nearer to the sun in December 
than we are in June. 

Charles. Is this possible ? and yet our winter 
is so much colder than the summer. 

Tutor, Notwithstanding this, it is a well- 
known fact For it is ascertained, that our 
summer, that is, the time that passes between 
the vernal and autumnal equinoxes, is nearly 
eight days longrer than our winter, or the time 
between the autumnal and vernal equinoxes. 
Consequently the motion of the earth is slower 
in the former case than in the latter, and there- 
fore, as we shall see, it must be at a greater dis- 
tance from the sun. .Again, the sun^s apparent 
diameter is greater in our winter than in sum- 
mer, but the apparent diameter of any object 
increases in proportion as our distance from the 
object is diminished, and therefore we conclude, 
that we are nearer the dun in winter than in 
summer. The stin's apparent diameter in wm- 
ter is 32'. .47"; in summer 31'. .40". 

James. But if the earth is farther from the 
sun in summer than in winter, why are our win- 
ters so much colder than our summers ? 
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Tutor. Because first in the flummer, the sun 
rised to a much greater height above ouf hori- 
zon, and therefore its rays coming more perpen- 
dicularly, more of them, as we showed you yes- 
terday, must fall upon the surface of the earth, 
and come also with greater force, which is the 
principal cause of our great summer's heat. Se- 
.condly, in the summer, the days are very long, 
and the nights short ; therefore the earth and 
air are heated by the sun in the day, more than 
they are cooled in the night. 

James. Why have we not, then, the greatest 
heat at the time when the days are longest ? 

Tutor. The hottest season of the year is cer- 
tainly a month or two after this, which may be 
thus accounted for. A body once heated does 
not grow cold again instantaneously, but gradu- 
ally ; now, as long as more heat comes from the 
iun in the day, than is lost in the night, the heat 
of the earth and air will be daily increasing, and 
this must evidently be the case for some weeks 
«fter the longest day, both on account of the 
Dumber of rays which falls on a given space, 
and . also from the perpendicular direction of 
t^ose rays. 

James, Will you now explain to us in what 
manner the seasons are produced ? 

Tutor. By referring to the figure (Plate vi. 
Fig! 9.) you will observe, that in the month of 
June, the north-pole of the earth inclines to- < 
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wards the sun, and consequently brings all the 
northern parts of the globe more into tight, than 
at any other time in the year. 

Charles, Then to the people in those parts it 
\s summer. 

Tutor* It is : but in December, when the earth 
is in the opposite part of its orbit, the north- 
pole declines from the sun, which occasions the 
northern plaees to be more in the dark than in 
the light ; and the reverse at the southern 
places. 

James. Is it then summer to the inhabitants 
of the southern hemisphere ? 

Tutor. Yes, it is ; and winter to us. In the 
months of March and September, the axis of 
the earth does not int^line to, nor decline from, 
the sun, but is perpendicular to a line drawn 
from its centre. And then the poles are in the 
boundary of light and darkness, and the sun 
being directly vertical to, or over the equator, 
makes equal day and night at all places. , Now 
trace the annual motion of the earth in its orbit 
for yourself, as it is reprelsented in the figure. 

Charles. I will, sir : about the 20th of March 
the earth is in Libra, and consequently to its 
inhabitants the sun will appear in Aries, and be 
vertical in the equator, ^ 

Tutor. And then the equator and all its pa- 
rallels are equally divided between the light and 
dark. 

Chmrks. Consequently the days aad nights are 
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equal all over the world. As the barth pursues 
its journey from March to June, its northerQ 
hemisphere comes more into light, and on the 
21st of that monthi the sun is vertical to the 
tropic of Cancer. 

Tutor. And you then observe that all the 
circles parallel to the equator are unequally di- 
vided; those in the northern half have their 
greater parts in the light, and those in the south- 
ern have their larger parts in darkness. 

Charles, Yes ; and of course it is summer to 
the inhabitants of the northern hemisphere, and 
winter to the southern. 

I now trace it to September, where I find the 
sun vertical again to the equator,, and of course, 
the days and nights arc again equal. And fol- 
lowing the earth in its journey to December, or 
when it has arrived at Cancer, the sun appears 
in Capricorn ; and it is vertical to that part of 
the earth called the tropic of Capricorn, and^ 
DOW the southern pole is enlightened, and all the 
circles on that hemisphere have their larger 
parts in light, and, of course, it is summer to 
those parts, and winter to us in the* northern 
hemisphere. 

Tutor. Can you, James, now tell me why the 
days lengthen and shorten from the equator to 
the polar circles every year? ^ 

James. I will try to explain myself on the 
subject Because the sun in March is vertical 
to the equator, and from that time to the S 1st of 
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Jane it becomes vertical successively to all 
other parts of the earth between the equator 
and the tropic of Cancer, and in proportion as 
it becomes vertical to the more northern parts 
of the earth, it declines from the southern, and, 
consequently, to the former the days lengthen, 
and to the latter they shorten. From June ta 
September the sun is again vertical successively 
to all the same parts of the earth, but in a re- 
verse order. 

Charles^ Since it is summer to all those parts 
of the earth, where the sun is vertical, and we 
find that the sun is vertical twice in the year to 
the equator, and every part of the globe betweea 
the equator and tropics, there must be also two 
summers in a year to all those places. 

Tutor, There are ; and in those parts near the 
equator, they have two harvests evejry year.—* 
But let your brother finish his description. 

James. From September to December, it is 
successively vertical to all the parts of the earth 
situated between the equator and the tropic of 
Capricorn, which is also the cause of the length^ 
ening of the days in the southern hemisphere, 
and of their becoming shorter in the northern. 

Thitor. Can you, Charles, tell rae why there 
is sometimes no day or night for some little 
time together within the polar circles ? 

Charles. The sun'always shines upon the earth 
90 degrees every way, and when he is vertical to 
the tropic of Cancer, which is )33i degrees north 

VOL. I.— Q 1 
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of the equator^ he inu«t shine the same number 
of degrees beyond the pole, or to the polar circle, 
and while he thus shines^ there can be no night 
to the people within that polar circle ; and, of 
course, to the inhabitants at the southern polar 
circle^ there can be no day at the same' timCi for 
as the sun's rays reach but 90 degrees every Avay, 
they cannot shine far enough to reach them. 

Tutor. Tell me, now, why there is but one 
day and night in the whole year at the poles? 

Charles. For the reason which I have just giv- 
en, the sun must shine beyond the north-pole all 
the time he is vertical to those parts of the earthy 
Situated between the equator and the tropic of 
Cancer, that is, from March the 21st, to Sep- 
tember the 20th, during which time there can be 
no night at4he north-pole, nor any day at the 
south-pole. The reverse of this may be applied 
to the southern pole. 

. Jamts. I understand now, that the lengthen- 
ing and £(hortening of the days, and different sea- 
sons, are produced by the annual motion of the 
earth round the sun ; the axis of the earth, in all 
parts of its orbit, being kept parallel to itself. 
ISut if thus parallel to itself, how can it in all 
positions point to the pole-star in the heavens ? 

Tutor. Because the diameter of the earth's 
orbit A c is nothing in comparison of the dis- 
tance of jthe earth from the fixed stars. Suppose 
you draw two parallel lines at the distance of 
three or four yards from one another^ will they 
2 
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not both point to tb^ moon when she is in the 
horizon ? 

James. Three or four yards cannot be ac- 
counted as any thing, in comparison of 240 thou- 
sand miles, the distance of the moon from us. 

Tutor. Perhaps three yards bear a much 
^eater proportion to 240 thousand miles, than 
190 millions of miles bear to our distance from 
the polar star. 



CONVERSATION XXXIII. 



Of the Equation of Time. 

7\ilor. You are now, I presume, acquainted 
with the motions peculiar to this globe on which 
we live ? 

' Cliarles. Yes : it has a rotation on i ts axis from 
west to east every 24 hours, by which day and 
night are produced, and also the apparent diur- 
nal motion of the heavens from east to west 

James. The other is its annual revolution in 
an orbit round the sun, likewise from west to 
east, at the distance of about 95 millions of miles 
from the sun. 
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Tutor. You understand also, in what manner 
this annual motion of the earth, combined with 
the inclin2d.ion of its axis, is the cause of the 
variety of seasons. 

We will therefore proceed to investigate an- 
other curious subject, viz. the equation of time, 
and to explain to you the difference between 
equal and apparent time. 

Charles. Will you tell us what you mean by 
the words equal and apparent^ as applied to 
time ? 

Thttor. Equal time is measured by a clock, 
that is supposed to go without any variations, 
and to measure exactly 24 hours from noon to 
tioon. And apparent time is measured by the 
apparent motion of the sun in the heavens, or 
by a good sun-diai. 

Charles* And what do you mean, sir, by the 
equation of timet 

Tutor. It is the adjustment of the difference 
•of tim9, as shown by a well-regulated clock and 
e true sun-diai. 

James. Upon what does this difference de- 
pend? 

TWor. It depends ^r^^, upon the Inclination 
of the earth's axis. And secondly upon the el* 
liptic form of the earth's orbit ; for, as we have 
already seen, the earth's orbit being an ellipse, 
its motion is quicker when it is in perihelion^ or 
nearest to the sun ; and slower when it is ia 
aphelion^ or farthest from the sun, 

Charles. But I do not yet comprehend what 



OP THS EQUATION OF TIME. 185 

the rotation of the earth has to do with the going 
of a clock or watch. 

Tutor, The rotation of the earth is the most 
equable and uniform motion in nature, and is 
completed in 2d hours, 56 minutes, and 4 se- 
conds ; this sp^ce of time is called a sidereal day, 
because any meridian on the earth will revolve 
from a fixed star to that star again, in this time. 
But a solar or natural day, which our clocks are 
intended to measure, is the time which any me- 
ridian on the earth will take in revolving from 
the sun to the sun again, which is about 24 hours, 
sometimes a little more, but generally less. 

James. What occasions this difference be* 
tween the solar and sidereal day ? ' • 

Tkilor. The distance of the fixed stars is so 
great, that the diameter of the earth^s orbit, 
though 190 millions of miles, when compared 
with it, is but a point, and therefore any meridian 
on the earth will revolve from a fixed' star to that 
star again in exactly the same time, as if the 
earth had only a diurnal motion, and remained 
always in the same part of its orbit. But with 
respect to* the sun, as the earth advances almost 
a degree eastward in its orbit, in the same time 
that it turns eastward round its axis, it must 
make more than a complete rotation before it 
can come into the same position with the sun that 
it had the day before. In the same way, as when 
both the hands of ^ watch or clock set off toge- 
ther, at twelve o'clock, the minute-hand must 

q2 
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trarel more than a whole circle before U will 
overtake the ho^r-hand, that is, before they will 
be in the sitne relative posiition again. Thus the 
sidereal days are shorter than the solar ones by 
about four minutes, as is evident from obaervar 
tion: 

Watch with nice eye the earth's diurnal wnyp 
Marking her snk^ and $tdereal day $ 
Her slow imitation, and her varying clime. 
And trace with sfiimim art the march of time. 

Botanic Gabbxx, 

Charies* Still I do not understand the reason 
why the clocks and dials do npt agree. 

Thtor. A good clock is intended to measure 
thato equable and uniform time which the rota* 
tion of the earth on ;ts axis exhibits. Whereas 
the dial measures time by the apparent motion of 
the sun, which^as we have explained, is subject 
to Fariation. Or thus : though the earth's mo- 
tion on its axis be perfectly uniform, and conse* 
quently the rotation of the equator^ the plane of 
which is perpendicular to the axis, or of any 
other circle parallel to it, be likewise equable^ 
^et we measure the length of the nattrral day by 
meana of the sun, whose apparent znxixx^X motion 
is not in the eqOator, or any of its parallels, but 
in the ecliptic, which is oblique to it 

James. Do yoq mean by diis that the equator 
of the earth, in its annual journey, is not always 
directed towards the centre of the sun ? 

Tutor* I do ; twice only in the year, a line 
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4mwn from the cenixe of the sun to that of the 
earth passes through those points where the 
equator, and ecliptic eros,s one another; at all 
other. timeS) it passes through some other pai^t 
of that dhlique circle, which is represented on 
the globe l^ the ecliptic line. Now when it 
passes throuf^ the equfttor or the tropics, wliich 
are circles parallel to the equator, the sun and 
the clocks go togedier^ as far as regards this 
cause, but at other times they differ, because 
equal portions of the ecliptic pass over the n>eri-* 
dian in une^uaf parts of time on account of its 
obliquity^ 

Charles* Can you explain this by a figure? 

Ttttm* It is easily shown by the globe which 
this figure V k tfr s (Plate vi« Fig. jlO. ) may re- 
present ; Y ^ ^11 be the equator, T SB :* the 
Dorthern half the ecliptie^ and ff ys ^ the south- 
ern half. Mabe chalk or pencil marks a, d, c, dy €, 
fig9 f^y <^U round the equator mA ect^tiCyKi equal 
distances (suppose ;^0 degrees) firom each other, 
beginning at Aries. Noi¥ by turning the. globe 
OB its axis, you wUl perceive that all the marks 
in the first quadrant of the ecliptic, that is, from 
Aries to Cancer, come sooner to the brazen me- 
ridian; than their corresponding marks on the 
equator: — those from the beginning of Cancer t^ 
Libra come later ;— those from Caprieorp soon- 
er : — and those from Capricorn to Aries later. 

Now time as measured by the sun*dial is re- 
presented by the marks on the ecliptic; that 
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Tutor, Because first in the summery the sun 
rised to a much greater height above ouf* hori- 
zon, and therefore i1;8 rays coming more perpen- 
dicularly, more of them, as we showed you yes- 
terday, must fall upon the surface of the earth, 
and cofne also with greater force, which is the 
principal cause af our great sunimer's heat. Se- 
, condly, in the summer,, the days are very long, 
and the nights short ; therefore the earth and 
air are heated by the sun in the day, more than 
they are cooled in the night. 

James. Why have we not, then, the greatest 
heat at the time when the days are longest ? 

Tutor. The hottest season of the year is cer- 
tainly a month or two after this, which may be 
thus accounted for. A body once heated does 
not grow cold again instantaneously, but gradu- 
ally ; now, as long as more heat comes from the 
•un in the day, than is lost in the night, the heat 
of the e^rth and air will be daily increasing, and 
this must evidently be the case for some weeks 
«fter the longest day, both on account of the 
number of rays which falls on a given space, 
and . also from the perpendicular direction of 
t^ose rays. 

James, Will you now explain to us in what 
manner the seasons are produced ? 

Tutor, By referring to the figure (Plate vi. 
Pig) 9.) you will observe, that in the month of 
June, the north^ole of the earth inclines to- 
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wards the sun^ and consequently brings all the 
northern parts of the globe more into light, than 
at any other time in the year. 

Charles. Then to the people in those parts it 
is summer. 

Tutor, It is : but in December, when the earth 
is in the opposite part of its orbit, the north-r 
pole declines from the sun, which occasions the 
northern plaees to be more in the dark than in 
the light ; and the reverse at the southern 
places. 

James. Is it then summer to the inhabitants 
of the southern hemisphere ? 

Tutor, Yes, it is ; and winter to us. In the 
months of March and September, the axis of 
the earth does not intsline to, nor decline from, 
the sun, but is perpendicular to a line drawn 
from its centre. And then the poles are in the 
boundary of light and darjcness, and the sun 
being directly vertical to, or over the equator, 
makes equal day and night at all places. , Now 
trace the annual motion of the earth in its orbit 
for yourself, as it is represented in the figure. 

Charles. I will, sir : about the 20th of March 
the earth is in Libra, and consequently to its 
inhabitants the sun will appear in Aries, and be 
vertical in the equator, ^ 

Tutor. And then the equator and all its pa- 
rallels are equally divided between the light and 
dark. 

Charles. Consequently the days and nights are 
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equal all over the world. As the darth pursues 
its journey from March to June, its northern 
hemisphere comes more into light, and on the 
21st of that month, the sun is vertical to the 
tropic of Cancer. 

Tutor. And you then observe that all the 
circles parallel to the equator are unequally di- 
vided; those in the northern half have their 
greater parts in the light, and those in the south- 
ern hav9 their larger parts in darkness. 

Charles^ Yes ; and of course it is summer to 
the inhabitants of the northern hemisphere, and 
winter to the southern. 

I now trace it to September, where I find the 
sun vertical again to the equator,, and of course, 
the days and nights arc again equal. And fol- 
lowing the earth in its journey to December, or 
when it has arrived at Cancer, the sun appears 
in Capricorn ; and it is vertical to that part of 
the earth called the tropic of Capricorn, and^ 
now the southern pole is enlightened, and all the 
circles on that hemisphere have their larger 
parts in light, and, of course, it is summer to 
those parts, and winter to us in the northern 
hemisphere. 

Tutor, Can you, James, now tell me why the 
days lengthen and shorten from the equator to 
the polar circles every year? ^ 

James. I will try to explain myself on the 
subject Because the sun in March is vertical 
to the equator, and from that time to the 2 1st of 
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Jane it becomes vertical successively to all 
other parts of the earth betweeu the equator 
and the tropic of Cancer, and in proportion a9 
it becomes vertical to the more northern partB 
of the earthy it declines from the southern, and, 
consequently, to the former the days lengthen, 
and to the latter they shorten. From June to 
September the sun is again vertical successively 
to all the same parts of the earth, but in a re« 
verse order. 

Charles^ Since it is summer to all those parts 
of the earth, where the sun is vertical, and we 
find that the sun is vertical twice in the year to 
the equator, and every part of the globe betweea 
the equator and tropics, there must be also two 
summers in a year to all those places. 

THitor, There are ; and in those parts near the 
equator, they have two harvests every year.«-# 
But let your brother finish his description. 

James. From September to December, it is 
successively vertical to all the parts of the earth 
situated between the equator and the tropic of 
Capricorn, which is also the cause of the length^ 
ening of the days in the southern hemisphere^ 
and of their becoming shorter in the northern* 

Tator. Can you, Charles, tell me why there 
is sometimes no day or night for some little 
time together within the polar circles ? 

Charles, The sun 'always shines upon the earth 
90 degrees every way, and when he is vertical to 
the tropic of Cancer, which is d3i degrees north 
VOL. i.-«-^ 1 
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of the equator, he must shine the same number 
of degrees beyond the pole, or to the polar circle, 
and while he thus shines^ there can be no night 
to the people within that polar circle ; and, of 
course, -to the inhabitants at the southern polar 
circle, there can be no day at the same' time, for 
as the sqn's rays reach but 90 degrees everyday, 
they cannot shine far enough to reach them. 

Tutor. Tell me, now, why there is but one 
day and night in the whole year at the poles? 
. Charles. For the reason which I have just giv- 
en, the sun must shine beyond the north*pole all 
the time he is vertical to those parts of the earth, 
situated between the eauator and the tropic of 
Cancer, that is, from March the 21st, to Sep- 
tember the 2j0th, during which time there can be 
no night at ^the north-pole, nor any day at the 
south-pole. The reverse of this may be applied 
to the southern pole. 

. James. I understand now, that the lengthen- 
ing and ^ortening of the days, and different sea- 
sons, are produced by the annual motion of jthe 
earth round the sun ; the axis of the earth, in all 
parts of its orbit, being kept parallel to itself. 
i3ut if thus parallel to itself, how can it in all 
positions point to the pole-star in the heavens ? 

Thtor. Because the diameter of the earth's 
orbit A c is nothing in comparison of the dis- 
tance of jthe earth from the fixed stars. Suppose 
you draw two parallel lines at the distance of 
three or four yards from one another, will they 
2 



OF THB SQUATION OV TIM]?* 18S 

not both point to the moon when she is in the 
horizon ? 

James. Three or four yards cannot be ac- 
counted as any thing, in comparison of 240 thou- 
sand miles, the distance of the moon from us. 

Tutor. Perhaps three yards bear a much 
greater proportion to 240 thousand miles, than 
1 90 millions of miles bear to our distance from 
the polar star. 
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Of the Equation of Time. 

Thitor. You are now, I presume, acquainted 
with the motions peculiar to this globe on which 
we live ? 

' C/iarles. Yes : it has a rotation on its axis from 
west to east every 24 hours, by which day and 
night are produced, and also the apparent diur- 
nal motion of the heavens from east to west. 

James, The other is its annual revolution in 
an orbit round the sun, likewise from west to 
east, at the distance of about 95 millions of miles 
from the sun. 
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Tkttor. You ui^derstand also, in what manner 
this annual motion of the earth, combined with 
the inch'nation of its axis^ is the eause of the 
variety of seasons. 

We will therefore proceed to investigate an- 
other curious subject, viz. the equation of time, 
and to explain to you the difference between 
equal and apparent time. 

Charles. Will you tell us what you mean by 
the words equal and apparent, as applied to 
time ? 

Thtior. Equal time is measured by a clock, 
that is supposed to go without any variations, 
and to measure exactly 34 hours from noon to 
tLOon. And apparent time is measured by the 
apparent motion of the sun in the heavens, or 
by a good sun-dial. 

CharleSf And what do you mean, sir, by the 
equation of timet 

Tutor. It is the adjustment of the difference 
•of tim9, as shown by a well-regulated clock and 
e true sun«diai. 

James. Upon what does this difference de- 
pend ? 

Jkitor. It depends ^r^^, upon the inclination 
of the earth's axis. And secondly upon the el- 
liptic form of the earth's orbit ; for, as we have 
already seen, the earth's orbit being an ellipse, 
its motion is quicker when it is \n perihelion, or 
nearest to the sun ; and slower when it is ia 
aphelion^ or farthest from the sun, 

Charles. But I do not yet comprehend what 
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the rotation of the earth has to do with the going 
of a clock or watch, 

Thitor. The rotation of the earth is the most 
equable and uniform motion in nature^ and is 
completed in 2d hours, 56 minutes, and 4 se- 
conds ; this spscce of time is called a sidereal day, 
because any meridian on the earth will revolve 
from a fixed star to that star again, in this time. 
But a solar or natural day, which our clocks are 
intended to measure, is the time which afty me- 
ridian on the earth will take i-n revolving from 
the sun to the sun again, which is about 24 hours, 
sometimes a little more, but generally less. 

James. What occasions this difference be- 
tween the solar and sidereal day ? ' • 

T\ilor. The distance of the fixed stars is so 
great, that the diameter of the earth's orbit, 
though 190 millions of miles, when compared 
with it, is but a point, and therefore any meridian 
on the earth will revolve from a fixed star to that 
star again in exactly the same time, as if the 
earth had only a diurnal motion, and remained 
always in the same part of its orbit. But with 
respect to' the sun, as the earth advances almost 
a degree eastward in its orbit, in the same time 
that it turns eastward round its axis, it must 
make more than a complete rotation before it 
can come into the same position with the sun that 
it had the day before. In the same way, as when 
both the hands of ^ watch or clock set off toge- 
ther^ at twelve o'clock, the minute-hand must 

q2 
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trftrel more than a whole circle before U wrll 
overtake the hoqr-hand, that u, before they will 
be in the adme relative position again. Thus the 
sidereal daya are shorter than the solar ones by 
about four minutes, as is evident from obaiervar 
tion : 

Watch with nice eye the earth's diurnal way, 
Marking her tolaif and sidereal day { 
Her slow mitation, and her varying clime. 
And trace witl^ sfiimiQ art the march of time* 

Botanic Gabbsx, 

Charles* Still I do not understand the reason 
why the clocks and dials do not agree. 

Thitar. A good clock is intended to measure 
th9,tfi equable and uniform time which the rota* 
tion of the earth on its axis exhibits. Whereas 
the dial measures time by the apparent motion of 
the sun, whi.ch^as we have explained, is subject 
to Fftriation. Or thus : though the earth's mo- 
tion on its axis be perfectly uniform, and conse- 
quently the rotation of the equator^ the plane of 
which is perpendicular to the axis, or of any 
other circle parallel to it, be likewise equable^ 
vet we measure the length of the natural day by 
inean9 ofthe sun, whose apparent annual motion i 
is not in the eqOator, or any of its parallels, but 
in the ecliptic, which is oblique to it 

James. Do yoq mean by Uiis that the equator 
of the earth, in its annual journey, is not always 
directed towards the centre of the sun ? 

Tutor. 1 do ; twice only in the year, a line 
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4mwn from the cenlxe of the sun to that of the 
earth parses through those points where the 
equator ^nd ecliptic enM|s one another; at all 
other tinaes> it passes through some other paiN: 
of that ohliquo eircle, which is represented on 
the globe l^ the ecliptic line. Now when it 
passes through the equfttor or the tropics^ wliich 
are circles parallel to the equator^ the sun and 
the clocks go togedi^r^ as far as regards this 
cause, but at other times they differ, because 
equal portions of the ediptic pass over the meri-* 
dian in uney^af parti of time on account of its 
obliquity^ 

Charles, Can you explain this by a figure ? 

Tutott. It is easily shown by the globe which 
this figure V k tfr s (Plate vi« Fig. io.) may re- 
present ; Y 1% 19^11 be the equator, ^ & a the 
northern half the ecliptis, and ff MS ^ the south- 
ern half. Mabe chalk or pencil marks a, d, c, d^ e, 
ff gj hf all round the equator and €chpiic,9t equal 
distances (suppose SO degrees) firom each other, 
beginning at Aries. Noi¥ by turning the. globe 
OB its axis, you wil] perceive that all the marks 
in the first quadrant of the ecliptic^ that is, from 
Aries to Cancer, come sooner to the brazen me- 
ridian, than their corresponding marks on the 
equator: -—those from the beginning of Cancer t^ 
Libra come later ;— those from Caprieorp soon- 
er: — and those from Capricorn to Aries later. 

Now time as measured by the suu-dial is re- 
presented by the marks on the ecliptics that 
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measured by a good elock, by those on the 
equator. 

Charles. Then while the sun is in the first 
and third quarters, or what is the same things 
while the earth is travelling through the second 
and fourth quarters, that is, from Cancer tQ Li- 
bra, and from Capricorh to Aries, the sun is 
faster than the clocks, and while it is travelling 
the other two quarters it is slower. 

Tutor. Just so : because while the earth is 
travelling through the second and fourth qua- 
drants, equal portions of the ecliptic come sooner 
to the meridian than their corresponding parts 
of the equator : and during its journey through 
the first and third quadrants, the equal parts of 
the ecliptic arrive later at the meridian than 
their corresponding parts of the equator. 

James, If I understand what you have been 
saying, the dial and clocks ought to agree at 
the equinoxes, that is, oh the dOth of March, and 
the 2dd of September^ but if I refer to the Ephe- 
meris, I find that on the former day (1809) the 
dock is 8 minutes before the sun : and on the 
latter day the clock is almost 8 minutes behind 
the sun. 

Tutor. If this difierence between time mea- 
sured by the dial and clock depended only on the 
inclination- of the earth's axis to the plane of its 
orbit, the clocks and dials ought to be together 
at the equinoxes, and also on the 21st of June 
and the 21st of December, that is, at the sum- 
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mer and winter solstices ; because, on those days, 
the apparent revolution of the sun is parallel to 
the equator^ But I told you there was another 
cause why this difference subsisted. 
^ Charles. You did : and that was the elliptic 
form of the earth's orbit 

Tutor. If the earth's motion in its orbit were 
uniform, which it would be if the orbit were cir- 
cular, then the whole difference between equal 
time as shown by the clock, and apparent time 
as shown by the sun, would arise from the in*, 
clination of the earth's axis. But this is not the 
case ; for the earth travels, when it is nearest the 
eun, that is, in the winter^ more than a degree 
in 24 hours, and when it is farthest from the 
0un, that is, in summer, less than a degree in 
the saiAe time: consequently from this cause 
the natural day would be of the greatest length 
when the earth was nearest the sun, for it must 
continue turning the longest time after an entire 
rotation, in order to bring the meridian of any 
place 'to the sun again: and the shortest day 
would be when the earth moves the slowest in 
her orbit Now these inequalities, combined 
with those arising from the inclination of the 
earth's axis, make up that difference which is 
shown by the equation table, found in the Ephe- 
meris, between good cIocJls and true sun-dials. 
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CONVERSATION XXXIV. 



of Leap Yeur. 

James. Before we quit the subject of time, 
will you give us some account of what is called 
in our almanacs Leap- Year? 

Tutor. I will. The length of our year is, as 
you know, measured by the time which the earth 
takes in performing her journey round the sun, 
in the same manner as the length of the day is 
measured by its rotation on its axis. Mow, to 
compute the exact time taken by the earth in its 
annual journey, was a work of considerable diffi- 
culty. Julius. CsBsar was the first person ^o 
seems to have attained to any accuracy on this 
subject 

Charles. Do you mean the first Roman empe- 
ror, who landed also in Great-Britain ? 

Tutor. I do. He was not less celebrated as 
a man of science, than he was renowned as a 
general :^of him it was said, 

Amidst the huny of tumultuous war« < 

The gtars, the gods, the heavens were still his care ; 
Nor did his skill to fix the rolling year. 
Inferior to Eudoxus'a art appear. 
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Julius Caesar, who was well acquainted with the 
learning of the Egyptians, fixed the length of 
the year to be 365 days and six hours, which 
made it six hours longer than the Egyptian year. 
Now, in order to allow for the odd six hours in 
each year, he introduced an additional day every 
fourth year, which accordingly consists of 360 
days, and is called Leap^YtzVj while the other 
three have only 365 days each. From him it 
was denominated the Julian year. 

Jarms. It is also called Bissextile in the Al- 
manacs: what does that mean? 

Tutor. The Romans inserted the intercalary 
day between the 23d and 24th of February: and 
because the 23d of February, in their calendar, 
was called stxto calendas Martiiy the sixth of 
the calends of March ; the intercalated day was 
called bis sexto calenders Martiiy the second 
sixth of the calends of March, and hence the 
year of intercalation had the appellation of Bis^ 
sextile. This day was chosen at Rome, on ac- 
count of the expulsion of Tarquin from th& 
throne, which happened on the 23d of February. 
We introduce, in Leap- Year, a new day in the 
same month, namely, the 29th. 
. Charles. Is there any rule for knowing what 
year is Leap- Year? 

Tutor. It is known t^y dividing the date of the 
year by 4, if there be no remainder, it is Leap- 
Year; thus 1799 divided by 4, leaves a remain- 
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der of 3, showing that it is .the dd year after 
Leap- Yean These two lines coDtaiD the rule : 

Divide by 4 ; meat's kft shall be 
For Leap-Year ; for past 1, % 3. 

James. The year, however, does not consist 
of 365 days and 6 hours, but of 365 days, 5 
hours, 48 minutes, and 49 seconds.* Will not 
this occasion some error ? 

Tutor. It will ; and by subtracting the latter 
number from the former, you will find that the 
error amounts to 11 minutes and 11 seconds eve- 
ry year, or to a whole day in about 130 years : 
notwithstanding this, the Julian year cbntinued 
to be in general use till the year 1582, when Pope 
Gregory XIII. undertook to rectify the error, 
which, at that time, amounted to ten days. He 
accordingly commanded the ten days between 
the 4th and 15th of October in that year to be 
suppressed, so that the 5th day of that month 
was called the 15th. This alteration took place 
through the greater part of Europe, and the year 
was afterwards called the Gregorian year, or 
New Style, In this country, the method of 
reckoning, according to the New Style, was not 
admitted into our calendars until the year 1752, 
when the error amounted to nearly 11 days^ 
which were taken from the month of September, 
^by calling the 3d of that month the 14th. 

* See Conrersation XXX. 
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Charles. By what means will this accuracy 
be maintained ? 

T\iior. The error amounting to one whole 
day in about 130 years, it is settled by an act 
of parliament, that the year 1800 and the year 
1900, which are, according to the rule just giv* 
eh. Leap- Years, shall be computed as common 
years, having only 3d5 days in each ': and that 
every /our hundredth year afterwards should be 
common years also. If this method be adhered 
to, the present mode of reckoning will not vary 
a single day from true time, in less than 5000 
years. 

By the same act of parliament, the legal be* 
ginning of the year was changed from the d5th 
of March to tjie 1st of January. So that the 
succeeding months of January, February, and 
March, up to the 24th day, which would, by the 
Old Style, have been reckoned part of the year 
1752, were accounted as the first three months 
of the year 1753. Hence we sometimes seci 
such a date as this, Feb. 10, 1774-5, that is, 
according to the Old Style it was 1774, but ac- 
cording to the New it is 1775, because now the 
year begins in January instead of March. 



VOL. L— R 



194 ASTRONOtfT. 



CONVERSATION XXXV. 



' Of the Moon. 

Thitor, You are now, gentlemeiii acquainted 
with the reasons for the division of time into 
dayaand years. 

Charles. These divisions have their founda- 
tion in nature, the former depending upob the 
rotation of the earth on its axis ; the latter upon 
Its revolution in an elliptie orbit about the sun 
as a centre of motion; 

James, Is there any natural reason for the 
division of years into weeks, or of days into 
hours, minutes, and seconds ? 

Tutor. These divisions were invented entire- 
ly for the convenience of mankind, and are ac- 
cordingly different in different countries. There 
is, however, another division of time marked 
out by nature. 

Charles. What is that, sir ? 

Thctor. The length of the month : not indeed 
that month which consists of four weeks, nor 
that by which the year is divided into twelve 
parts. These are both arbitrary. But by a 
month is meant the time which the moon takes 
in performing her journey round the earth : 

Then mark'd astronomers with keener eyes 
The moon's reful^^t joumej through the skies. 

DABtrur. 
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James. How many days does the moon take 
for this purpose ? 

Tutfirl If you refer to the time in which the 
moon revolves from one point of the heavens to 
the same point again, it consists of 27 days, 7 
hours, and 48 minutes, this is called the pertodi- 
eal month : but if you refer to the time passed 
from new moon to new moon again, the month 
consists of 29 days, 12 hours, and 44 minoteSy 
this is called the synodicai month. | 

Charles. Pray explain the reason of this dif- 
ference; • 

7le/or. It is occasioned by the earth's annual 
motion in its orbit. Let us refer to our watch 
as an example. The two hands are together at 
12 o'clock ; now when the minute-hand has 
made a complete revolution, are they' together 
again ? 

' James. No ; for the hour-haiid is advanced 
the twelfth part of its revolution, which in order 
that the other may overtake, it must travel five 
minutes more than the hour. 

Tutor. And something more, for the hour- 
hand does not wait at the figure I, till the other 
eomes up : and therefore they will not be toge- 
ther till between 5 and 6 minutes after, one. 

Now apply this to the earth and moon, sup- 
pose {Plate VII. Fig. 11.) s to be the siin ; t the 
earth in a part of its orbit q l ; and £ to be the 
position of the moon ; if the earth had no mo- 
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tioBy the moon woald* move round its orbit b h c 
into the position e apain, in 27 days, 7 hours, 
43 minutes ; but while the moon is describing 
her journey, the earth has passed through near- 
ly a twelfth part of her orbit, whfeh the moon 
must also describe before the two bodies come 
again into the same 'position that they before 
held with respeet to .the sun : this takes up so 
much more time as to make her synodical month 
equftl to 29 days, 12 hours, and 44 minutes ; 
hence the foundation of the division of time into 
moAths. 

We will now proceed to describe some other 
particuhjrs relating to the moon^ as a body de* 
pending, like the earth, on the sun for her light 
and heat 

Charksp Does the moon shine with a borrow- 
ed light only ? 

Tutor. This is certain ; for otherwise, if Jike 
the sun, she were a luminous body, she would 
always shine with a full orb a^ the siin does : 



-LeM bright the noon. 



But opposite in level'd west was set, 

His mirror, with full face borrowing her light 

From him, for other lights she needed none. 

Her diameter is nearly 2200 miles in length. ' 

James. And I remember she is at the dis- 
tance of 240,000 miles from the earth. 

Tkitor. The Buns (Plate vii. Fig. IL) always 
enlightens one half of the moon jb, and its whole 
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enlightened hemisphere, or a part of it, or nooe 
at all, is seen by us, according to her different 
positions in the orbit with respect to* the earth. 
for only those parts of the dnligbtened half of 
the moon are visible at t, which are cut off 
by/ and are tmthin the orbit. 

James, Then when the moon is at e, no part 
of its enliehtened side is visible to the earth. 

7\itor. You are right : it is then new moon, 
or changef for it is usual to call it new moon the 
first day It is visible to the earth, which is not 
till the second day after tliei change. And the 
moon being in a line between the sun and earth, 
they are said to be in conjuration, 

Charles* And at a all the illuminated hemi- 
sphere is turned to the earth. 

Tutor. This is called full moon ; and tlie 
earth being between the sun and moon, they are 
said to be in opposition. T^e enlightened parts 
of the little figures on the outside of the orbit, 
represent the appearance of the moon as seen by 
a spectator on the earth. 

James. Is the little figure then opposite £ 
•wholly dark to show that the moon is invisible 
at change? 

Tutor. It is ; and when it is at p a smtfHer 
part of the illuminated hemisphere is within the 
moon's orbit, and therefore to a spectator on the 
earth it appears horned : at o one half of the en- 
lightened hemisphere U visible, and it is said to 
be in quadrature; at h three-fourths 6f the en- 

b2 
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lightened part is visible to the earthi alid it is 
then said to h^gibbtms : SLiid at A theenlightea- 
ed face of the moon is turned to the earth, and it 
is said to be/ulL The same may be said of the 
rest 

The horns of the mooi\ before conjunction or 
new moon, are turned to the east : after conjunc- 
tion they are turned to the west. How beauti- 
fully is the moon described by Milton^: 



-till the moon. 



Rising in clouded majesty, at length. 
Apparent Queen unveilM her peerless light, 
j^nd o'pt the night her silver mantle threw. 

Book iv. line 606, 

Charles. I see the figure is intended to show 
that the moon's orbit is elliptical : does she also 
turn upon her, axis ? 

T\itor. She dots ; and she requires the same 
time for her diurnal rotation, as she takes ia 
completing her revolution about the earth ; and 
consequently though every part of the moon is 
successively presented to the sun, yet .the same 
heinisphere is always turned to the earth. This 
is known by observation with good telescopes. 

James. Then the length of a dayt and night in 
the moon is equal to inore than twenty-ruine days 
and ahalf of ours. 

Tkiior. It is |K> : ,aod therefore as- the length 
of her 3rear, which is measured by her journey 
round the sun, is eq^al .to that of ottrs» she can 
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hsLve but about twelve days and one-third, in a 
year. Another remarkable circumstance relating 
to the moon, is that the hemisphere next the 
aarth is never in darkn^ss^ for in the position s 
when it is turned from the sun, it is Ulumioated 
by light reflected from the earth, in the same 
.manner as we are enlightened by a full moon. 
3u^ the other hemisphere of the moon has a 
fortnight's light and darkness by turns. 

Charles. Can the' earth, then, be considered 
jis a satellite to the moon ? 

Tkitor, It would, perhaps, be inaccurate to 
denominate the larger body a satellite to the 
^Qialler, but with regard to affording reflected 
iight, the earth is to the moon, what the moon is 
ix> the earth, and subject to the same changes of 
horned, gibbous, full, &c, 

Charles. But it must appear much larger than 
ihe moon. 

Tutor. The earth will appear to the inhabi- 
tants of the moon, about 13 times as large al? 
the moon appears to us. When it is new moon 
to us, it isjull earth to them, and the reverse. 

James. Is the moon then inhabited as well as 
the earth ? 

Tutor. Though we cannot demonstrate this 
fact, yet there are many reasons to induce us to 
believe it ; for the moon is a secondary planet 
of considerable size ; — ^its surface is diver/saiied 
like that of the earth, with mountains and val- 
leys ; — the former have been measured by Dr. 
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Herschel, and some of them found to be about a 
mile in height The situation of the moon, with 
respect to the sun, is much like that of the earth, 
and by a rotation on her axts^ and a small incli- 
nation of that axis to the plane of her orbit, she 
enjoySy though not a considerable, yet an agree- 
able variety of day and night and of seasons. To 
the moon, our globe appears a capital sateiUte, 
undergoing the same changes of illumination ae 
the moon does to the earth. The sun and stars 
rise and set there as they do here, and heav^ 
bodies will fall on the moon as they do on the 
earth. Hence we are led to conclude that, like 
the earth, the moon also is inhabited. Dr. Her- 
schel discovered some years ago three volcanoes 
all burning in the moon ; but no large seas or 
tracts of water have been observed there, nor is 
the existence of a lunar atmosphere certain. 
Therefore her inhabitants must materially diffit 
from those who live upon the earth. 



07 SCIr»8£S. 201 



CONVERSATION XXXVI. 



of Eclipses. 

Charles. Will you, sir, explain to us the na* 
ture and causes of eclipses? ^ 

TSitar* I will, with great pleasure. You must 
observe, then, that eclipses depend upon this 
simple principle,' that all opaque or dark bodies 
when exposed to any light, and Jtherefore to the 
light of the sun, cast a shadow behind them in 
an opposite direction. 

James. The earth being a body of this kind 
must cast a very large shadow on its side which 
is opposite to the sun. 

Tutor. It does : and an eclipse of the moon 
happens when the earth t (Plate yii. Fig. 12.) 
passes between the sun s and the moon m, and it 
is occasioned by the earth's shadow being cast 
on the moon. 

Charles. When does this happen ? 

Tuior. It is only when, the moon is full or in 
opposiiian^ that it comes within the shadow of 
the earth. 

. James. Eclipses of the moon, however, do 
not happen every time it is full : what is the 
reason of this? 
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Tutor. Because the orbit of the moon does 
not coincide with the plane of the earth's orbit, 
but one half of it is elevated about five degrees 
and a third above it, and the other half is as 
much below it: and therefore, unless the full 
moon happen in or near one of the nodes, that is, 
in or near the points in which the two orbits in* 
tersect each other, She will pass above or below 
the shadow of the earth, in which case there can 
be no edipsok 

Charles. What is the greatest distance from 
the node, at which in eclipse of the moon can 
happen? 

Tutor. There can be no eclipse, if the moon, 
at the time when she is full, be more tiian 12 
degrees from the node ; when she is within that 
distance, there will be r partial or total etUptef 
according as a part, or the whole disk or face o£ 
the moon falls within the earth^s shadow. If the 
eclipse happen exactly when the moon is full in 
the node, it is called a central eclipse* 

James. I suppose die duration of the eclipse 
lasts all the time that the moon is passing through 
the shadow. 

Tkttorp It does: and you observe that tlie 
shadow is considerably wider than the moon's 
diameter, and - therefore an eclipse of the moon 
lasts sometimes three or four hours. The shadow 
also you perceive is of a conical shape, and con- 
sequently, as the moon's orbit is an ellipse and 
jiffi. a circle, thjs moon will, at different times, be 
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eclipsed when she i« at different distances from 
the earth. 

Charles.^ And according as the moon is nearer 
to, or farther from the ea^, the eclipse will be 
of a greater or less duration, for the shadow 
being conical, becomes less and less, as the 
distance from the body by which it is cast is 
greater. 

TkUor. It is by knowing ^exactly at what dis^ 
tanee the moon is from the earth, and of course 
the width of the earth's shadow at that distance^ 
that all eclipses are calculated with the greatest 
accuracy, for many years before they happen. 
Now, it is found that in all eclipses, the shadow 
of the earth ia conical, which is a demonstra* 
tion, that the body 1^ which it is projected is of 
a spherical form, for no other sort of figure 
would, in all positions^ cast a conical shadow. 
This is mentioned as another proof, that the 
earth is a spherical body. 

James. It seems tame to prove another thing, 
Tiz. that the sun must be a larger body than the 
earth. 

Jhiior, Your conclusion is just, for if the two 
bodies were equal to one another (Plate tii. 
Fig. IS.) the shadow would be cylindrical; 
and if the earth were the larger body, (Plate vir. 
Fig. 14.) its shadow would be of the figure of a 
cone, which had lost its vertex, and the farther 
it were extended the larger would it become* In 
either case the shadow would run out to an infi- 
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It shifts the seasons, months, and days. 

The short-liv'd ofTspring of revolving time ; 

By turns they die, by turns are born. 

Now cheerful Spring the circle leads 

And strews with fiow'rs the smiling meads « 

Gay Summer next', whom russet cobes adorn. 

And waving fields of yellow corn ; 

Then Autumn, who with lavish stores the lap of Na- 

ture spreads ; 
Decrepit Winter, laggard in the dance 
(Like feeble age opprest with pain,) 
A heavy season does maintain. 
With driving snows and winds and rain ; 
Till Spring recruited to advance. 
The various year rolls round again. 

HVOBBS. 

James. How is It known that the earth makes 
this annual journey round the sun ? 

Tutor, I told you yesterday, that through the 
shaft of a very deep mine, the stars are visible 
in the day as well as in the night ; they are also 
visible in the day time, by means of a telescope 
properly fitted up for the purpose ; by this me- 
thod, the l9un and stars are visible at the same 
time. * Now if the sun be seen in a line with a 
fixed star, to-day at any particular hour, it will, 
in a few weeks, by the motion of the earth, be 
found considerably to the east of him : and if 
the observations be continued through the year, 
we shall be able to trace him round the heavens 
to the same fixed star from which we set out ; 
consequently, the sun must have made a joamey 
round the earth in that time ; or the earth round 
him. 
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Charles. And the sun being a million of timei 
larger than the earth, you will say that it is more 
natural, that the smaller body should go round 
the larger, than the reverse. 

Thitor, That is a proper argument ; but it 
may be stated in a much stronger manner. The 
sun and earth mutually attract one another, and 
since they are in equilibrio by thiB attraction, 
you know, their momenta must be equal,* there- 
fore the earth being the smaller body, must make 
out by its motion what it wants in the quantity 
of its matter, and, of course, it must be that 
whitsh performs the journey, 

James, But if you refer to the principle of 
the lever, to explain the mutual attraction of the 
sun and earth, it is evident that both bodies 
must turn round some point as a common centre. 

T\i,tor. They do ; and that is the common 
centre^ of gravity of the two bodies. Now this 
point between the earth and sun is within the 
surface of the latter body, 

Charles. I understand how. this is ; because 
the cihtre of gravity between any two bodies, 
must be as much nearer to the centre of the 
larger body than the smaller, as the former con- 
tains a greater quantity of matter than the lat- 
ter. 

Tutor. You are right : but you will not con- 
clude that, because the sun is a million of times 

• See Conyersfttion XTV. p. 73. 
VOL. I. — P 
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larger than the earth, therefore it contains a ' 
quantity of matter, a million of times greater 
than that contained in the earth. 

James. Is it then known, that the earth is 
eomposed of matter more dense than that which 
composes the body of the sun ? 

Tutor. The earth is composed of matter four 
times denser^than that of the sun ; and hence the 
quantity of matter in the sun is between two 
and three hundred thousand times greater than 
that which is contained in the earth. 

Charks. Then for the momenta of these two 
bodies to be equal, the vdocity of the earth must 
be between two and three hundred thousand 
times greater than that of the sun. 

Tutor. It must : and to effect this, the centre 
of gravity between the sun and earth, must be 
as much nearer to the centre of the sun, than it 
is to the centre of the earth, as the former body 
contains a greater quantity of matter than the 
latter : and hence it is found to be several thou- 
sand miles within the surface of the sun. 

James. I now clearly perceive, that since one 
of these bodies revolves about the other in the 
space of a year, and that they both move round 
their common centre of gravity, that it must, of 
necessity, be the earth which revolves about the 
sun, and not the sun round the earth. 

Tutor. Your inference is just. To suppose that 
the sun moves round the earth, is as absurd as 
to maintain, that a mill-stone could be made to 
move round a pebble. 
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CONVERSATION XXXI. 



Of the Seasons. ^ 

Tutor. I will now show yaa how the difierept 
seasons are produeed foy the annual motion of 
the earth. 

James. Upon what do they depend, sir ? 
Tutor. The variety of the seasons depends 
(1,) upon the length of the days and nights ; and 

^ l^i) upon the position of the earth with respect 
to the sun. 

' Charles. But if the earth turn round its ima- 
^nary axis every 24 hours, ought it not to en- 
joy equal days and nights all the year ? 

Tutor. This would be the case if the axis of the 
earth h s (Plate vi. Fig. 6.) were perpendicular 
to a line c e drawn through the centres of the sun 
and earth ; for then as the sun always enlight- 
ens one half of the earth by its rays, and as it is 
day at any given place on the globe, so long as 
that pl^ce continues in the enlightened hemi- 

' sphere, every part, except the two poles, must, 
during its rotation on its axis, be one half of its 
time in the light and the o^her half in darkness: 
or, in other words, the days and nights Kyould 
be equal to all itbe inhabitants of the earth, ex- 

' cepting to those, if any, who live at the poles. 
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James, Why do you except the people at the 
poies ? 

Tutor, Because the view of the spectator 
situated at the poles 17 and s, must be bounded 
by the line c, £9 consequently to him the sun 
would never appear to rise, or' set, but always 
be in the horizon. 

Charles. If the»^rih were thus situated) would 
the rays of the sun always fall vertically to the 
same part of it ? 

TSjitor. They would i and that part would be 
Is q" the equator ; and, as we ahall presently 
show, the heat excited by the sun being greater 
or less in proportion as its rays ootne more or 
less perpendicularly upon any body, the parts of 
the earth about the equator would be scorched 
up, while those beyond forty or fifty degrees 
on each side of that line and the poles^ would 
be desolated by an unceasing winter : 



-Some say the son 



Was bid turn reins from th' eqmnoetial roskd 
Up to the Tropic Crab / thence down amain 
By LeOf and the Virgin^ a^nd the Seak$ 
As deep as Capricorn^ to bring in change 
Of seasons to each clime : else had the spring 
Perpetual smii'd on earth with verdant flowerSy 
Equal in days and nights, except to those 
Beyond the polar circles ; to them day 
Mad unbenighted shone, while the low sun 
To recompense his distance, in their sight 
Had rounded still th' horizon. 

Pab. Lost, Book x. 1. 67Q. 
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James. In what maniser is this prevented ? 

T\iiar. By the axis of the earth n s (Plate ti« 
Fig. 7.) being inclined or beat about twenty- 
three deip^ees and a half out of the perpendicu- 
lar as it is described by Milton : 



He bid his angles turn askance 
The poles of earth twice ten degrees and moie 
FroQithe vun'saxis. 



In this case you obsenroy that all the parallel 
circles, except the equator, are divided into two 
unequal parts, having a greater or less portion of 
their circumferences in tiie enlightened, than in 
the dark hemisphere, according to their situa- 
tion with respect to v the north, or s the south 
pole. 

Charles. At what season of the year is the 
earth represented in this figure ? 

Tutor. At our summer season : for you ob- 
serve that the parallel circles in the northern 
hemisphere have their |;reater parts enlightened 
and their smaller parts m the dark. If n i. re- 
present that circle of latitude on the globe in 
which Great Britain is situated, it is evident 
that about two-thirds of it is in the light and on- 
ly one-third in darkness. 

You will remember that /iara//c&^/a/i7tuf6 
are supposed circles on the surface of the earth, 
and are shown by real circles on its representa- 

X 2 
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tive the tenrestrial globe, dra^n parallel to the 
equator. 

James. I« that the reason why our days to- 
wards the middle of June are sixteen hoars 
long, and the nights but eight hours ? 

TWor. It is : and if you look to the parallel 
next beyond that marked d l, you will see a 
still greater disproportion between the day and 
night, and the parallel more north than this is 
entirely in the Kght 

Charks, Is it then all day fliere ? 

Tutor, To the whole space between that and 
the pole it is continual day for some time, the 
duration of whieh is in proportion to its vicini* 
ty to the pole ; and at the pole there is a per- 
tnanent day-light for six months together. 

Jamts. And during that time it must, I su]>- 
pose, be night to the people who live at the 
south-pole ? 

Tator. Yes, the figure shows that the south- 
pole is in darkness ; and you may observe, that 
to the inhabitants living in equal parallels of 
latitude, Ihe one north, and the otfier south, the 
length of the days to the one will be always 
equal to the length of the nights to the other. 

Charles. What then shall we say of those who 
live at the equator, and consequently who have 
no latitude ? 

Tutor. To them the days and nights are aU 
ways equal, and of course twelve hours each in 
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length, and this is also evident from the figure, 
for in ^very position of the globe one half of the 
equator is in the light and the other half in 
darkness. 

James. If, then, the length of the days is the 
cause of the ^liferent seasons, there can be no 
vjffiety in this respect, to those who live at the 
equator. 

Tutot* You seem to forget that the change in 
the seasons depends upon the position of the 
earth with respect to the sun, that is, upon the 
perpendicularity with which the rays of light fall 
upon any particular part of the earth ; as well as^ 
upon the length of days. 

Charles. Does this make any material differ- 
ence with regard to the heat of the sun ? , 

Tutor. It does; let a b (Plate vi. Fig. 8.) 
represent a portion of the earth's surface> on 
which the sun's rays fall perpendicularly ; let 
B c represent an equal portion on which they 
fall obliquely or aslant. It is manifest that b c, 
though it be equal to a b, receives but half the 
light and heat that a b does. Moreover, by the 
sun's rays coming more . perpendicularly, they 
come with greater force, as well as in greater 
numbers, on the same place. 
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CONVERSATION XX^H. 



Of the SeaKNif . 

< 

Tutor. Let us now take a view of the earth ia 
its aooual course round the sun, considering its 
axis as inclined %^i degrees to a line perpendicu- 
lar to its orbiti and keeping, through its whole 
journi^, a dUection parallel to itself ; and you 
will iindy that according as the earth is in difp 
ferent parts of its orbit, the rays of the sun are 
presented perpendicularly to the equator, and to 
every.pointof the globe, within 93) degrees of 
it botli^orth and south. 

This figure (Plate vi. Fig. 9.) represents the 
earth in four different parts of its orbit, or as it 
is situated with respect to the sun in the months 
of March, June, September, and December, 

Charles. The earth's orbit is not made circu- 
lar in the figure. 

Tutor. No : But the orbit itself is nearly cir- 
cular, but we are, however, supposed to view it 
from the side b d, and therefore, though almost 
a circle, it appears to be a long ellipsis. All cir- 
cles appear elliptical in an oblique view, as is 
evident, by looking obliquely at Uie rim of a ba- 
fCvn^ at some distance from you. For the true I 
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figure of a circle can only be seen^ when the eye 
is directly over its centre. You observe that 
the sun is not in the centre. 

James, I do; and it appears nearer to the 
earth in the winter, than in the summer. 

Tutor. We are indeed more than three mil- 
lions of miles nearer to the sun in December 
than we are in June. 

Charles. Is this possible ? and yet our winter 
is so much colder than the summer. 

Tutor. Notwithstanding Uiis, it is a well- 
knowQ fact For it is ascertained, that our 
summer, that is, the time that passes between 
the vernal and autumnal equinoxes, is nearly 
eight days longer than our winter, or the time 
between the autumnal and vernal equinoxes. 
Consequently* the motion of the earth is slower 
in the former case than in the latter, and there- 
fore, as we shall see, it must be at a greater dis- 
tance from the sun. Again, the sun's apparent 
diameter is greater in our winter than in sum- 
mer, but the apparent diameter of any object 
increases in proportion as our distance from the 
object is diminished, and therefore we conclude, 
that we are nearer the dun in winter than in 
summer. The sun's apparent diameter in win- 
ter is 32'. .47"; in summer 31'. .40". 

James. But if the earth is farther from the 
sun in summer than in winter, why are our win- 
ters so much colder than our summers? 
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Tutor. Because first in the summery the sun 
rises to a much greater height above our hori- 
2on9 aud therefore it^ rays coming more perpen- 
dicularly, more of them^ as we showed you yes- 
terday, must fall upon the surface of the earth, 
and cofne also with greater force, which is the 
principal cause of our great summer's heat 8e- 
,condly, in the summer, the days are Fery long, 
and the ni^ts short ; therefore the earth and 
air are heated by the sun in the day, more than 
they are cooled in the night 

James, Why have we not, then, the greatest 
heat at the time when the days are longest ? 

Tutor. The hottest season of the year is cer^ 
tainly a month or two after this, which may be 
thus accounted for. A body once heated does 
not grow cold again instantaneously, but gradu- 
ally ; now, as long as more heat comes from the 
sun in the day, than is lost in the night, the heat 
of the earth and air will be daily increasing, and 
this must evidently be the case for some weeks 
after the longest day, both on account of the 
Dumber of rays which falls on a given space, 
and . also from the perpendicular direction of 
t^ose rays. 

James. Will you now explain to us in what 
manner the seasons are produced ? 

Tutor. By referring to the figure (Plate vi. 
Fig! 9.) you will observe, that in the month of 
June, the north^ole of the earth inclines to- 
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wards the sun, and consequently brings all the 
northern parts of the globe more into light, than 
at any other time in the year. 

Charles. Then to the people in those parts it 
is summer. 

Tutor. It is : but in December, when the earth 
is in the opposite part of its orbit, the norths 
pole declines from the sun, which occasions the 
northerfi plaees to be more in the dark than in 
the light ; and the reverse at the southern 
places. 

James, Is it then summer to the inhabitants 
of the southern heniisphere ? 

Tutor, Yes, it is ; and winter to us. In the 
months of March and September, the axis of 
the earth does not indine to, nor decline from, 
the sun, but is perpendicular to a line drawn 
from its centre. And then the poles are in the 
boundary of light and darjiness, and the sun 
being directly vertical to, or over the equator, 
makes equal day and night at all places. , Now 
trace the annual motion of the earth in its orbit 
for yourself, as it is represented in the figure. 

Charles. I will, sir : about the 20th of March 
the earth is in Libra, and consequently to its 
inhabitants the sun will appear in Aries, and be 
vertical in the equator, ^ 

Tutor. And then the equator and all its pa- 
rallels are equally divided between the light and 
dark. 

Chmrles. Consequently the days aad nights are 
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equal all over the world. As the i^arth pursues 
its journey from March to June, its northern 
hemisphere comes more into light, and on the 
2l8t of that month, the sun is vertical to the 
tropic of Cancer. 

Tutor, And you then observe that all the 
circles parallel to the equator are unequally di- 
vided; those in the northern half have their 
greater parts in the light, and those in the south- 
ern havQ their larger parts in darkness. 

Charles, Yes ; and of course it is summer to 
the inhabitants of the northern hemisphere, and 
winter to the southern. 

I now trace it to September, where I find the 
sun vertical again to the equator,, and of course, 
the days and nights are again equal. And fol- 
lowing the earth in its journey to December, or 
when it has arrived at Cancer, the sun appears 
in Capricorn ; and it is vertical to that part of 
the earth called the tropic of Capricorn, and^ 
now the southern pole is enlightened, and all the 
circles on that hemisphere have their larger 
parts in light, and, of course, it is summer to 
those parts, and winter to us in the northern 
hemisphere. 

Tutor, Can you, James, now tell me why the 
days lengthen and shorten from the equator to 
the polar circles every year? 

James, I will try to explain myself on the 
subject Because the sun in March is vertical 
to the equator, and from that time to the IS 1st of 
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Jane it becomes vertical successively to all 
other parts of the earth betweeu the equator 
and the tropic of Cancer, and in proportion a9 
it becomes vertical to the more northern parts 
of the earth, it declines from the southern, and, 
consequently, to the former the days lengthen, 
and to the latter they shorten. From June to 
September the sun is again vertical successively 
to all the same parts of the earth, but in a re« 
verse order. 

Charles^ Since it is summer to all those parta 
of the earth, where the sun is vertical, and we 
find that the sun is vertical twice in the year to 
the equator, and every part of the globe between 
the equator and tropics, there must be also two 
summers in a year to all those places. 

Tutor. There are ; and in those parts near the 
equator, they have two harvests every year.-^ 
But let your brother finish his description. 

James, From September to December, it is 
successively vertical to all the parts of the earth 
situated between the equator and the tropic of 
Capricorn, which is also the cause of the length* 
ening of the days in the southern hemisphere, 
and of their becoming shorter in the northern. 

Tutor, Can you, Charles, tell me why there 
is sometimes no day or night for some little 
time together within the polar circles? 

Charles, The sun'always shines upon the earth 
90 degrees every way, and when he is vertical to 
the tropic of Cancer, which is d3i degrees north 
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of the equator, he must shine the same number 
of degrees beyond the pole, or to the polar circle, 
and while he thus shines, there can be no night 
to the people within that polar circle ; and, of 
course, to the inhabitants at the soutl^e^n polar 
circle, there can be no day at the same time, for 
as the sun's rays reach but 90 degrees every «way, 
they cannot shine far enough to reach them. 

Tutor. Tell me, now, why there is but one 
day and night in the whole year at the poles? 

Charles. For the reason which I have just giv- 
en, the sun must shine beyond the north-pole all 
the time he is vertical to those parts of the earthy 
situated between the equator and the tropic of 
Cancer, that is, from March the i21st, to Sep- 
tember the 20th, during which time there can be 
no night at «the north-pole, nor any day at the 
south-pole. The reyerse of this may be applied 
to the southern pole. 

. James. I understand now, that the lengthen- 
ing and lAiortening of the days, and different sea- 
sons, are produced by the annual motion of jthe 
earth round the sun ; the axis of the earth, in all 

Eirts of its orbit, being kept parallel to itself, 
ut if thus parallel to itself, how can it in all 
positions point to the pole-star in the heavens ? 
Tutor. Because the diameter of the earth's 
orbit A c is nothing in comparison of the dis- 
tanae of jthe earth from the fixed stars. Suppose 
you draw two parallel lines at the distance of 
three or four yards from one another, will they 
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not both point to th^ moon when she is in the 
horizon ? 

James. Three or four yards cannot be ac- 
counted as any thing, in comparison of 240 thou- 
sand miles, the distance of the moon from us. 

Tutor. Perhaps three yards bear a much 
^eater proportion to 240 thousand miles, than 
190 millions of miles bear to our distance from 
the polar star. 



CONVERSATION XXXIII. 



Of the Equation of Time. 

7\ilor. You are now, I presume, acquainted 
with the motions peculiar to this globe on which 
we live ? 

' Charles. Yes : it has a rotation on its axis from 
west to east every 24 hours, by which day and 
night are produced, and also the apparent diur- 
nal motion of the heavens from east to west 

James. The other is its annual revolution in 
an orbit round the sun, likewise from west to 
east, at the distance of about 95 millions of miles 
from the sun. 
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Tutor. You understand also, in what manner 
this annual motion of the earth, combined with 
the indination of its axis, is the cause of the 
Tariety of seasons. 

We will therefore proceed to investigate an- 
other curious subject, viz. the equation of time, 
and to eitplain to you the difference between 
equal and apparent time. 

Charles. Will you tell us what you mean by 
the words equal and apparent, as applied to 
time ? 

7\iior. Equal time is measured by a clock, 
that is supposed to go without any variations, 
and to measure exactly 24 hours from noon to 
noon. And apparent time is measured by the 
apparent motion of the sun in the heavens, or 
by a good sun-diai. 

CharleSf And what do you mean, sir, by the 
equation of time? 

Tutor. It is the adjustment of the difference 
4>{ tim^, as shown by a well-regulated clock and 
A true sun-diai. 

James. Upon what does this difference de- 
pend? 

TV/or. It depends ^r^/, upon the inclination 
of the earth's axis. And secondly upon the el- 
liptic form of the earth's orbit ; for, as we have 
already seen, the earth's orbit being an ellipse, 
its motion is quicker when it is in perihelion, or 
nearest to the sun ; and slower when it is ia 
aphe/ioUf or farthest fronn the sun, 

Charles. But I do not yet comprehend what 
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the rotation of the earth has to do with the going 
of a clock or watch. 

Thitor, The rotation of the earth is the most 
equable and uniform motion in nature, and is 
completed in 23 hours, 56 minutes, and 4 se- 
conds ; this spstce of time is called a sidereal day, 
because any meridian on the earth will revolve 
from a fixed star to that star again, in this time. 
But a solar or natural day, which our clocks are 
intended to measure, is the time which afiy me- 
ridian on the earth will take i-n revolving from 
the sun to the sun again, which is about 24 hours^ 
sometimes a little more, but generally less. 

James. What occasions this difference be* 
tween the solar and sidereal day ? * • 

Tntor, The distance of the fixed stars is so 
great, that the diameter of the earth's orbit, 
though 190 millions of miles, when compared 
with it, is but a point, and therefore any meridian 
on the earth will revolve from a fixedstar to that 
star again in exactly the same time, as if the 
earth had only a diurnal motion, and remained 
always in the same part of its orbit. But with 
respect to' the sun, as the earth advances almost 
a degree eastward in its orbit, in the same time 
that it turns eastward round its axis, it must 
make more than a complete rotation before it 
can come into the same position with the sun that 
it had the day before. In the same way, as when 
both the hands of a watch or clock set off toge* 
ther, at twelve o'clock, the minute-hand must 

q 2 
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travol more than a whole circle before h will 
overtake the hoqr-hand, that is, before they will 
be in the $ime relative position again. Thus the 
sidereal days are shorter than the solar ones by 
about four minutes^ as is evident from obsiervar 
tton : 

Watch with nice eye the earth's diurnal wajr. 
Marking* her tohr and sidereal dajr { 
Her slow i)titatioii, and her varying^ climet 
And trace with j^mic art the march of time. 

Botanic Gabdxx, 

Charles* Still I do not understand the reason 
why the clocks and dials do npt agree. 

Thtar. A good clock is intended to measure 
thatv equable and uniform time which the rota* 
tion of the earth on fts axis exhibits. Whereas 
the dial measures time by the apparent motion of 
the 8un» whi.ch^as we have explained, is subject 
to irariaiion. Or thus : though the earth's mo- 
tion on its axis be perfectly uniform, and conse- 
quently the rotation of the equQtor^ the plane of 
which is perpendicular to the axis, or of any 
other circle parallel to it, be likewise equable^ 
^et we measure the length of the nattrral day by 
means of the sun, whose apparent annual motion • 
is not in the eqOator, or any of its parallels, but p 
in the ecliptic, which is oblique to it 

James. Do yov mean by diis that the equator 
of the earth, in its annual journey, is not always 
directed towards the centre of the sun ? 

TVi/or* I do ; twice only in the year, a line 
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4rawn from the centre of the sun to that of the 
earth paasea through those points where the 
equator and ecliptio erc^ one another ; at all 
other times> it passes through some other part 
of that bbliqua eirctey which is represented on 
the globe by the ecliptic line. Now when it 
passes through the equat<M' or the tropics, wKicfa 
are circles parallel to the equator, the sun and 
the clocks go togedier* as fkr as regards this 
cause, but at other times they differ, because 
eq%ial portions of the ediptic pass over the meri-* 
dian in une^uaf parts of time on account of its 
obliquity^ 

Char Its. Cati you explain this by a figure? • 
Tutoti. It is easily shown by the globe which 
this figure Y K ^ s (Plate vi. Fig. .10. ) may re- 
present ; V ^ will be the equator, *f 25 t«b the 
northern half the ecliptic, and ff '^ ^ the south- 
em half. Make chalk or pencil marks a, d, c, d^ €, 
fj gj hy all round the eguator and tclfyftic, at equal 
distances (suppose BO degrees) firom each other, 
beginniuj^ at Aries. Nofr by turning the. globe 
on its axis, you will perceive that all the marks 
in the first quadrant of the eeliptie, that is, from 
Aries to Cancer, come sooner to the brazen me- 
ridian, than their correqfionding marks on the 
equator: — those from the beginning of Cancer to 
Libra come later •*— those from Caprieoip soon- 
er : — and those from Capricorn to Aries later. 
Now time as measured by the sun*dial is re- 
presented by the marks on the ediptic; that 
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measured by a good clocks by those on the 
equator. 

Charles. Then while the sun is in the first 
and third quarters, or what is the same things 
while the earth is travelling through the second 
and fourth quarters, that is, from Cancer tQ Li- 
bra, and from Capricorh to Aries, the sun is 
faster than the clocks, and while it is travelling 
the other two quarters it is slower. 

Tkttor. Just so : because while the earth is 
travelling through the second and fourth qua- 
drants, equal portions of the ecliptic come sooner 
to the meridian than their corresponding parts 
of the equator : and during its journey through 
the first and third quadrants, the equal parts of 
the ecliptic arrive later at the meridian than 
their corresponding parts of the equator. 

James. If I understand what you have been 
saying, the dial and clocks ought to agree at 
the equinoxes, that is, oil the 20tn of March, and 
the 23d of September but if I refer to the Bphe- 
meris, I find that on the former day (1809) the 
dock is 8 minutes before the sun : and on the 
latter day the clock is almost 8 minutes behind 
the sun. 

T^itor. If this difference between time mea- 
sured by the dial and clock depended only on the 
inclination- of the earth's axis to the plane of its 
orbit, the clocks and dials ought to be together 
at the equinoxes, and also on the 2l8t of June 
and the 21st of December, that is, at the sum- 
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mer and winter solstices ; because, on those days^ 
the apparent revolution of the sun is parallel to 
the equator^ But I told you there was another 
cause why this difference subsisted. 
^ Charles, You did : and that was the elliptic 
form of the earth's orbit 

Tutor, If the earth's motion in its orbit were 
uniform, which it Would be if the orbit were cir- 
cular, then the whole difference between equal 
time as shown by the clock, and apparent time 
as shown by the sun, would arise from the in-, 
clination of the earth's axis. But this is not the 
case ; for the earth travels, when it is nearest the 
«un, that is, in the winter^ more than a degree 
in 2^ hours, and when it is farthest from the 
0un, that is, in summer, less than a degree iii 
the saifie time: consequently from this cause 
the natural day would be of the greatest length 
when the earth was nearest the sun, for it must 
(continue turning the longest time after an entire 
rotation, in order to bring the meridian of any 
place 'to the sun again : and the shortest day 
would be when the earth moves the slowest in 
her orbit. Now these inequalities, combined 
with those arising from the inclination of the 
earth's axis, make up that difference which is 
shown by the equation table, found in the Ephe- 
meris, between good cloclis and true sun-dials. 
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of the equator^ he must shine the same number 
of degrees beyond the pole, or to the polar circle, 
and while he thus shines^ there can be no night 
to the people within that polar circle ; and, of 
course, to the inhabitants at the southe^n polar 
circle, there can be no day at the same time, for 
as the sun's rays reach but 90 degrees every «way, 
they cannot shine far enough to reach them. 

Tutor. Tell me, now, why there is but one 
day and night in the whole year at the poles? 

Charles. For the reason which I have just giv- 
en, the sun must shine beyond the north-pole all 
the time he is vertical to those parts of the earth, 
situated between the equator and the tropic of 
Cancer, that is, from March the i21st, to Sep- 
tember the 20th, during which time there can be 
no night at^he north-pole, nor any day at the 
south-pole. The reyerse of this may be applied 
to the southern pole. 

, James. I understand now, that the lengthen- 
ing and lAiortening of the days, and different sea- 
sons, are produced by the annual motion of jthe 
earth round the sun ; the axis of the earth, in all 
parts of its orbit, being kept parallel to itself. 
]But if thus parallel to itself, how can it in all 
positions point to the pole-star in the heavens ? 

Thtor. Because the diameter of the earth's 
orbit A c is nothing in comparison of the dis- 
tance of jthe earth from the fixed stars. Suppose 
you draw two parallel lines at the distance of 
three or four yards from one another, will they 
2 
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not both point to th^ moon when she is in the 
horizon ? 

James. Three or four yards cannot be ac- 
counted as any thing, in comparison of 240 thou- 
sand miles, the distance of the moon from us. 

Tutor. Perhaps three yards bear a much 
greater proportion to 240 thousand miles, than 
190 millions of miles bear to our distance from 
the polar star. 
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Of the Equation of Time. 

7\ilor. You are now, I presume, acquainted 
with the motions peculiar to this globe on which 
we live ? 

' Charles. Yes : it has a rotation oh its axis from 
west to «ast every 24 hours, by which day and 
night are produced, and also the apparent diur- 
nal motion of the heavens from east to west 

James. The other is its annual revolution in 
an orbit round the sun, likewise from west to 
east, at the distance of about 95 millions of miles 
from the sun. 
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TSjitor. You understand also, in what manner 
this annual motion of the earth, combined with 
the inclination of its axis^ is the cause of the 
variety of seasons. 

We will therefore proceed to investigate an- 
other curious subject, viz. the equation of time, 
and to eitplain to you the difference between 
equal and apparent time. 

Charles. Will you tell us what you mean by 
the words equal and appareni, as applied to 
time ? 

Thilor. Equal time is measured by a clocks 
that is supposed to go without any variations^ 
and to measure exactly 24 hours from noon to 
noon. And apparent time is measured by the 
apparent motion of the sun in the heavens, or 
by a good sun-diai. 

Charles^ And what do you mean, sir, by the 
equation of time? 

Tutor. It is the adjustment of the difference 
4>{ timd, as shown by a well-regulated clock and 
A true sun-diai. 

James. Upon what does this difference de- 
pend? 

,J\itor. It depends first f upon the inclination 
of the earth's axis. And secondly upon the el- 
liptic form of the earth's orbit ; for, as we have 
already seen, the earth's orbit being an ellipse, 
its motion is quicker when it is in perihelion^ or 
nearest to the sun ; and slower when it is in 
aphelion^ or farthest from the sun, 

Charles, But I do not yet comprehend what 
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the rotaition of the earth has to do with the going 
of a clock or watch, 

Tkitor. The rotation of the earth is the most 
equable and uniform motion in nature, and is 
completed in 23 hours, 56 minutes, and 4 se- 
conds ; this space of time is called a sidereal day, 
because any meridian on the earth will revolve 
from a fixed star to that star again, in this time. 
But a solar or natural day, which our clocks are 
intended to measure, is the time which afiy me- 
ridian on the earth will take i-n revolving from 
the sun to the sun again, which is about 24 hours^ 
sometimes a little more, but generally less. 

James. What occasions this difference be* 
tween the solar and sidereal day ? • » 

Tutor. The distance of the fixed stars is so 
great, that the diameter of the earth's orbit, 
though 190 millions of miles, when compared 
with it, is but a point, and therefore any meridian 
on the earth will revolve from a fixed star to that 
star again in exactly the same time, as if the 
earth had only a diurnal motion, and remained 
always in the same part of its orbit. But with 
respect to* the sun, as the earth advances almost 
a degree eastward in its orbit, in the same time 
that it turns eastward round its axis, it must 
make more than a complete rotation before it 
can come into the same position with the sun that 
it had the day before. In the same way, as when 
both the hands of a watch or clock set off toge- 
ther, at twelve o'clock, the minute-hand must 

q 2 
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travol more than a whole cirele before U will 
overtake the hoqr-hand, that is, before they will 
be in the aime relative position again. Thus the 
sidereal days are shorter than the solar ones by 
about four minutesi as is evident from observar 
(ion : 

Watch with nice eye the earth's diurnal way. 
Marking* her tohr and tideital dajr { 
Her slow nutation, and her varying^ clime, 
^d trace witl^ J^mtc art the march of time. 

Botanic Gabdxx« 

Charles* Still I do not understand the reason 
why the clocks and dials do not agree. 

Tutor. A good clock is intended to measure 
thato equable and uniform time which the rota* 
tion of the earth on ^ts axis exhibits. Whereas 
the dial measures time by the apparent motion of 
the sun, whi.ctvas we have explained, is subject 
to irariaiion. Or thus : though the earth's mo- 
tion on its axis be perfectly uniformi and conse- 
quently the rotation of the eguQtOTf the plane of 
iwhich is perpendicular to the axis, or of any 
pther circle parallel to it, be likewise equable^ 
^et we measure the length of the natural day by 
mieanf ofthe sun, whose apparent annual motion • 
is not in the eqCiator, or any of its parallels, but # 
in the ecliptic, which is oblique to it 

James. Do yo4| mean by diis that the equator 
of the earth, in its annual journey, is not always 
directed towards the centre of the sun ? 

Tutof*. I do ; twice only in the year, a line 
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4rawn from the centre of the sun to that of the 
earth passes through those points where the 
equator and ecliptic eroifs one another; at all 
other times> it passes through some other past 
of that oUique circle, which is represented on 
the globe by the ecliptic line. Now when it 
passes through the equator or the tropics, wliicfa 
are circles parallel to the equator, the sun and 
the clocks go togedier* as Utr as regards this 
cause, but at other times they differ, because 
equal portions of the ecliptic pass over the meri-^ 
dian in une^uaf parts of time on account of its 
obliquity^ 

Char Its. Can you explain this by a figure? . 

Tutor. It is easily shown by the globe which 
this figure Y k ^ s (Plate vi. Fig. .10. ) may re- 
present ; V ^ will be the equator, *f S5 t«b the 
n<»lhern half the eeliptiie, and *f 19 a^ the south- 
ern hal£ Make chalk or pencil marks a, d, c, «?, e, 
fygf ^ <iU round the «^ua/or and tcUpUCf^X equal 
distances (suppose M degrees) from each other, 
beginning at Aries. Notir by tofniog the. globe 
OB its axis, you will peroeive that all the marks 
in the first quadrant of the eelipticy that is, from 
Aries to Cancer, come sooner to the brazen me- 
ridian, than their correqfionding marks on the 
equator: — those from the beginning of Cancer to 
Libra come later : — those from Caprieorp soon- 
€r : — and those from' Capricorn to Aries later* 

Now time as measured by the sun*dial is re- 
presented by the marks on the ecliptic; that 
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measured by a good clock, by those on the 
equator, 

Charles. Then while the sun is in the first 
and third quarters, or what is the same thing, 
while the earth is travelling through the second 
and fourth quarters, that is, from Cancer tQ Li- 
bra, and from Capricorh to Aries, the sun is 
faster than the clocks, and while it is travelling 
the other two quarters it is slower. 

Thttor, Just 80 : because while the earth is 
travelling through the second and fourth qua- 
drants, equal portions of the ecliptic come sooner 
to the meridian than their corresponding parts 
of the equator : and during its journey through 
the first and third quadrants, the equal parts of 
the ecliptic arrive later at the meridian than 
their corresponding parts of the equator. 

James. If I understand what you have been 
saying, the dial and clocks ought to agree at 
the equinoxes, that is, cili the 20th of March, and. 
the 23d of September^ but if I refer to the Ephe* 
meris, I find that on the former day (1809) .the 
clock is 8 minutes before the sun : and on the 
latter day the clock is almost 8 minutes behind 
the sun. 

TSitor. If this difference between time mea- 
sured by the dial and clock depended only on the 
inclination- of the earth's axis to the plane of its 
orbit, the clocks and dials ought to be toeether 
at the equinoxes, and also on the 21st of June 
and the 2 1st of December, that is, at the sum- 
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mer and winter solstices ; because, on those days^ 
the apparent revolution of the sun is parallel to 
the equator^ But I told you there was another 
cause why this difference subsisted. 
^ Charles, You did : and that was the elliptic 
form of the earth's orbit 

Tutor. If the earth's motion in its orbit were 
uniform, which it Would be if the orbit were cir- 
cular, then the whole difference between equal 
time as shown by the clock, and apparent time 
as shown by the sun, would arise from the in-, 
clination of the earth's axis. But this is not the 
case ; for the earth travels, when it is nearest the 
«un, that is, in the winter^ more than a degree 
in 24 hours, and when it is farthest from the 
0un, that is, in summer, less than a degree in 
the safAe time: consequently from this cause 
the natural day would be of tKe greatest length 
when the earth was nearest the sun, for it must 
continue turning the longest time after an entire 
rotation, in order to bring the meridian of any 
place 'to the sun again: and the shortest day 
would be when the earth moves the slowest in 
her orbit. Now these inequalities, combined 
with those arising from the inclination of the 
earth's axis, make up that difference which is 
shown by the equation table, found in the Ephe- 
meris, between good cloclcs and true sun-dials. 
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CONVERSATION XXXIV. 



of Leap Year. 

James. Before we quit the subject of time, 
will you give us some account of what is called 
in our afmanacs Leap- Year? 

Thitor. I will. The length of our year is, as 
you know, measured by the time which the earth 
takes in performing her journey round the sun, 
in the same manner as the length of the day is 
measured by its rotation on its axis. Now, to 
compute the exact time taken by the earth in its 
annual journey, was a work of considerable diffi- 
culty. Julius, Csesar was the first person ^o 
seems to have attained to any accuracy on this 
subject 

Charles. Do you mean the first Roman empe- 
ror, who landed also in Great-Britain? 

Tutor. I do. He was not less celebrated as 
a man of science, than he was renowned as a 
general :^of him it was said, 

Amidst the huny of tumultuous war^ ' 

l*he stars, the gods, the heavens were still his care « 
Nor did his skill to fix the rolling year. 
Inferior to Eudozus'a art appear. 
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Julius Csesar, who was well acquainted with the 
learning of the Egyptians, fixed the length of 
the year to be 365 days and six hours, which 
made it six hours longer than the Egyptian year. 
Now, in order to allow for the odd six hours in 
each year, he introduced an additional day every 
fourth year, whieh accordingly consists of 36S 
days, and is called Zea/^>Year, while the other 
three have only 365 days each. From him it 
was denominated the Julian year. 

James. It is also called Bissextile in the Al- 
manacs: what does that mean? 

Tutor. The Romans inserted the intercalary 
day between the 23d and 24th of February : and 
because the 23d of February, in their calendar, 
was called sexto calendas Martiiy the sixth of 
the calends of March ; the intercalated day was 
called bis sexto calendas Martiiy the second 
sixth of the calends of March, and hence the 
year of intercalation had the appellation of BiS' 
sexlile. This day was chosen at Rome, on ac- 
count of the expulsion of Tarquin from th& 
throne, which happened on the 23d of February. 
We introduce, in Leap- Year, a new day in the 
same month, namely, the 29th. 

Charles. Is there any rule for knowing what 
year is Leap- Year? 

Tutor. It is known l^y dividing the date of the 
year by 4, if there be no remainder, it is Leap- 
Year; thus 1799 divided by 4, leaves a remain- 
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der of 3, showing that it is .the 3d year after 
Leap- Year. These two lines eontain the rule : 

Divide by 4 ; what's left sIiaII be 
For Leap-Year ; for past 1, 2, 3. 

James, The year, however, does not consist 
or 365 days and 6 hours, but of 365 days, 5 
hours, 48 minutes, and 49 seconds.* Will not 
this occasion some error ? 

Tutor. It will ; and by subtracting the latter 
number from the former, you will find that the 
error amounts to II minutes and il seconds eve- 
ry year, or to a whole day in about 130 years : 
notwithstanding this, the Julian year continued 
to be in general use till the year 1582, when Pope 
Gregory XIII. undertooi( to rectify the error, 
which, at that time, amounted to ten days. He 
accordingly commanded the ten days between 
the 4th and 15th of October in that year to be 
suppressed, so that the 5th day of that month 
was called the 15th. This alteration took place 
through the greater part of Europe, and the year 
was afterwards called the Gregorian year, or 
New Stifle, In this country, the method of 
reckoning, according to the New Style, was not 
admitted into our calendars until the year 1752, 
when the error amounted to nearly 11 days^ 
which were taken from the month of September, 
^by calling the 3d of that month the 14th. 

* See Conreraation XSX, 
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Charles. By what means will tbia accuracy 
be maintaioed ? 

7V//(7r. The error amounting to one whole 
day in about 130 yeara^ it is settled by an act 
of parliament, that the year 1800 and the year 
1900, which are, according to the rule just giv- 
eh| Leap-Years, shall be computed as common 
years', having only 365 days in each ': and that 
every four, hundredth year afterwards should be 
common years also. If this method be adhered 
to, the present mode of reckoning will not vary 
a single day from true time, in less than 5000 
years^ 

By the same act of parliament, the legal be- 
ginning of the year was changed from the 2dth 
of March ta t}ie 1st of JanuaCry. So that the 
succeeding months of January, February, and 
March, up to the 24th day, which would, by the 
Old Style, have been reckoned part of the year 
1752, were accounted as the first three months 
of the year 1753. Hence we sometimes see 
such a date as this, Feb. 10, 1774-5, that is, 
according to the Old Style it was 1774, but ac* 
cording to the New it is 1775, because now the 
year begins in January instead of March. 
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CONVERSATION XXXV. 



' of the Moon. 

Tutor* You are now, gentlemen, acquainted 
with the reasons for the diyision of time into 
days and years. 

Charles. These divisions have their founda- 
tion in nature, the former depending upoh the 
rotation of the earth on its axis ; the latter upon 
its revolution in an elliptic orbit about the sun 
as a centre of motion; 

James, Is there any natural reason for the 
division of years into weeks, or of days into 
hours, minutes, and seconds ? 

Tutor. These divisions were invented entire- 
ly for the convenienee of mankind, and are ac- 
cordingly different in different countries. There 
is, however, another division of time marked 
out by nature. 

Charles. What is that, sir ? 

Tutor. The length of the month : not indeed 
that month which consists of four weeks, nor 
that by which the year is divided into twelve 
parts. These are both arbitrary. But by a 
month is meant the time which the moon takes 
in performing her journey round the earth : 

Then mark'd astronomen with keener eyes 
The moon's refu%ent joumej through the skies. 

DABWxir. 



« 
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James. How many days does the moon take 
for this purpose ? 

Tkiifir.' If you refer to the time in which the 
moon revolves from one point of the heavens to 
the same point again, it consists of 27 days, 7 
hours, and 48 minates, this is called the periodic 
eal month : but if you refer to the time passed 
from new moon to new moon again, the month 
consists of 29 days, 12 hours, and 44 minntes, 
this is called the eynodiccU month. | 

Charles. Pray explain the reason of this dif* 
ference; • 

TVitor. It is occasioned by the earth's annual 
motion in its orbit. Let ua refer to our watch 
as an example^ The two hands are together at 
12 o'clock ; now when the minute-hand has 
made a complete revolution, are they together 
again ? 

James. No ; for the hour-hand is advanced 
the twelfth part of its revolution, which in order 
that the other may overtake, it must travel five 
minutes more than the hour. 

7\itor. And somethiilg more, for the hour- 
hand does not wait at the figure I, till the other 
comes up : and therefore they will not be toge- 
ther till between 5 and 6 minutes after. one. 

Now apply this to the earth and moon, sup- 
pose {Plate VII. Fig. 11.) s to be the siin ; t the 
earth in a part of Its orbit q l ; and s to be the 
position of the moon ; if the earth had no mo- 
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tioBy the moon would move round ita orbit x h c 
into the position x again, in 27 days, 7 hours, 
43 minutes ; but while the moon is describing 
her journey, the earth has passed through near- 
ly a twelfth part of her orbit, whfeh the moon 
must also describe before the two bodies come 
again into the same* position that they before 
held with respeet to .the sun : this takes up so 
much more time as to make her sy nodical month 
equftl to 29 days, 12 hours, and 44 minutes; 
hence the foundation of the division of time into 
moAths. 

We will now proceed to describe some other 
particulars relating to the moon^ as a body de* 
pending^ like the earth, on the sun for her light 
imd heat 

Charles. Does the moon shine with a borrow- 
ed light only ? 

7\iior. This is certain ; for otherwise, if like 
the sun, she were a luminous body, she would 
always shine with a full orb a^ the sun does : 



-Leit bright the noon. 



But opposite in level'd west was set« 

His mirror, with full face borrowing her light 

From him, for other lights she needed none. 

Her diameter is nearly 2200 miles in length. 

James, And I remember she is at the dis* 
tance of 240,000 miles from the earth. 

Thtar. The suns (Plate vii. Fig. 11.) always 
enlightens one half of the moon x, and its whole 
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enlightened hemisphere^ or a part of it^ or none 
at all, is seen by us, according to her different 
positions in the orbit with respect to- the earth. 
for only those part;* of the Enlightened half of 
the moon are visible at t, which are cut off 
by/ and are within the orbit. 

James. Then when the moon is at e, no part 
of its enlightened side is visible to the earth. 

7\Ltor. You are right : it is then new moon^ 
or €^hangej for it is usual to call it new moon the 
first day it is visible to the earth, which is not 
till the second day after the; change. And the 
moon being in a line between the sun and earthy 
they are said to be in conjur^ction. 

Charles, And at a all the illuminated hemi- 
sphere is turned to the earth. 

Tutor. This is called full moon ; and the 
earth being between the sun and moon, they are 
said to be in opposUion. T|ie enlightened parts 
of the little figures on the outside of the orbit, 
represent the appearance of the moon as seen by 
a spectator on the earth. 

James. Is the little figure then opposite e 
'wholly dark to show that the moon is invisible 
at change? 

T\tfor. It is ; and when it is at f a smaHer 
part of the illuminated hemisphere is unihinthe 
moon's orbit, and therefore to a spectator on the 
earth it app^rs horned r at o one half of thle en- 
lightened hemisphere i^ visible, and it is said to 
be in quUdrature; at h three-fourths 6f the en- 

r3 
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lightened part is visible to the earth, ahd it i» 
then said to be gibbous :. and at a the enlighten- 
ed face of the moon is turned to the earth, and it 
is said to he/ulL The same may be said of the 
rest 

The horns of the raoor\ before conjunction or 
new moon, are turned to the east: after conjunc- 
tion they are turned to the west. How beauti- 
fully is the moon described by Milton : 



-till the mooDt 



Rising in clouded majesty, at length. 
Apparent Queen unveil'd her peerless light, 
4^nd o'^r the night her nlver mantle threw. 

Book iv. line 606, 

Charles. I see the figure is intended to show 
that the moon's orbit is elliptical : does she also 
turn upon her. axis ? 

7\iior. She does ; and she requires the same 
time for her diurnal rotation, as she takes ia 
completing her revolution about the earth ; and 
consequently though every part of the moon is 
successively presented to the sun, yet the same 
hemisphere is always turned to the earth. Thif 
is known by observation with good telescopes, 

James. Then the length of a dayi and night in 
the moon is equal to inore than twentyToine days 
and a half of ours. 

TWor. It is |K> : ,and therefore as the length 
of her year, which is measured by her journey 
round the sun, is leq^al to that of oars» she can 
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have but about twelve days and one-third.in a 
year. Another remarkable circumstance relating 
to the moon, is that the hemisphere next the 
earth is never in darkn^ss^ for in the position s 
when it is turned from the sun, it is Ulumipated 
by light reflected from the earth, in the same 
,manner as we are enlightened b^ a full moon. 
But the other hemisphere of the moon has a 
ibrtnight's light and darkness by turns* 

Charles, Can the' earth, then, be considered 
^8 a satellite to the moon ? 

7^/or* It would, perhaps, be inaccurate to 
4lenominate the larger body a satellite to the 
smaller, but with regard to affording reflected 
}ight, the earth is to the moon, what the moon is 
to the earth, and subject to the same changes of 
horned, gibbous, full, &c. 

Charles. But it must appear much larger than 
ihe moon. 

Tular. The earth will appear to the inhabi- 
tants of the moon, about 13 times as large b$ 
the mpon appears to us. When it is new moon 
to us, it is Jull earth to them, and the reverse. 

James. Is the moon then inhabited as well as 
the earth ? 

Tutor. Though we cannot demonstrate this 
fact, yet there are many reasons to induce us to 
believe it ; for the moon is a secondary planet 
of considerable size ; — ^its surface is diversified 
like that of the earth, with mountains and val- 
leys ;~-the former have been measured by Dr. 
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Herschel, and some of them found to be about a 
mile in height The situation of the moon, with 
respect to the sun, is much like that of the earth, 
and by a rotation on her axis, and a small incit* 
nation of that axis to the plane of her orbit, she 
enjoys, though not a considerable, yet an agree- 
iable variety of day and night and of seasons. To 
the mooHy our globe appears a capital satellite, 
undergoing the same ehanges of illumination as 
the moon does to the earth. The sun and stars 
rise and set there as they do here, and heavy 
bodies will fall on the moon as they do on the 
earth. Hence we are led to conclude that, like 
the earth, the moon also is inhabited. Dr. Her- 
schel discovered some years ago three volcanoes 
all burning in the moon ; but no large seas or 
tracts of water have been observed there, nor is 
the existence of a lunar atmosphere certain. 
Therefore her inhabitants must pnaterially diffei* 
from those who live upon the earth. 
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CONVERSATION XXXVI. 



of Eclipses, 

Charles, Will you, sir, expUin to us the na* 
lure aod causes of eclipses ? ^ 

Tutor. I willy with great pleasure. You must 
observe, then, that eclipses depend upon this 
simple principle, that all opaque or dark bodies 
when exposed to any light, and therefore to the 
light of the sun, cast a shadow behind them in 
an opposite direction. 
. James. The earth being a body of this kind 
must cast a very hrge shadow on its side which 
, is opposite to the sun. 

Tutor. It does : and an eclipse of the moon 
happens when the earth t (Plate yii. Fig. 12.) 
passes between the sun s and the moon m, and it 
is occasioned by the earth's shadow being cast 
on the moon. 

Charles. When does this happen ? 

Tutor. It is only when, the moon is full or in 
opposition, that it comes within the shadow of 
the earth. 

. James. Eclipses of the moon, however, do 
not happen every time it is full : what Is th« 
reason of this? 
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Tutor, Because the orbit of the moon does 
not coincide with the plane of the earth's orbit^ 
but one half of it is elevated about five degrees 
and a third above it, and the other half is as 
much below it: and therefore, unless the full 
moon happen in or near one of the nodes, that is^ 
in or near the points in which the two orbits in- 
tersect each other, She will pass above or below 
the shadow of the earth, in which case there can 
be no eclipse^ 

Charles. What is the greatest distance from 
the node, at which dn eclipse of the moon can 
happen? 

Tutor, There can be no edipse, if the moon, 
at the time when she is full, be more than 12 
degrees from the node ; when she is within that 
distance, there will be ^ pttrtial ct total eaUptef • 
according as a part, or the whole disk or face of 
the moon falls within the earth^s shadow. If the 
eclipse hjappen exactly when the nioon is full in 
the node, it is called a central eclipse. 

Jamee, I suppose the duration of the eclipse 
lasts all the time that the moon is passing through 
the shadow. 

Tutor, It does: and you observe that the 
shadow is considerably wider than the moon's 
diameter, and * therefore an eclipse of the moon 
lasts sometimes three or four hours. The shadow 
also you perceive is of a conieal shape, and con- 
sequently, as the moon's orbit is an ellipse and 
ntfi a circle, thjs moon will, at different times, be 
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eelipsed when she i< at different distances from 
^e earth. 

Charles.^ And according as the nftoon is nearer 
toy or farther from the earth, the eclipse will ht^ 
of a greater or less duration, for the shadow 
bein^ conical, becomes less and less, as the 
distance from the body by which it is cast is 
greater. 

Tutor. It is by knowing ^exactly at what dis- 
tance the moon is from the earth, and of course 
the width of the earth's shadow at that distance, 
that all eclipses are calculated with the greatest 
accuracy, for many years before they happen. 
Now, it is found that in all eelipses, the shadow 
of the earth is conical, which is a demonstra- 
tion, that the body by wbiekit is projected is of 
a spherical form, for no other sort of figure 
would, in all positions^ cast a conical shadow. 
This is mentioned as another proof, that the 
earth is a spherical body. 
. James. It seems tame to prove another thing, 
Tiz. that the sun must be a larger body Uian the 
earth. 

Tutor. Your conclusion is just, for if the two 
bodies were equal to one another (Plate vii. 
Fig. IS.) the shadow would be cylindrical; 
and if the earth were the larger body, (Plate vii. 
Fig. 14.) its shadow would be of the figure of a 
cone, which had lost its vertex, and the farther 
it were extended the larger would it become* In 
either ease the shadow would run out to an iofi- 
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nite «pace» and accordingly muat aometimes in- 
volve in it Uie other planets, and eclipse them, 
which is contrary to fact Therefore, since the 
earth is neither larger than, nor equal to the-sun^ 
it must be the lesser body. We will now proceed 
to the eclipses of the sun. 

Charles, How are these occasioned ? 

Tutor. An eclipse of the sun happens when 
the moon m, pas^ipg between the sun s and the 
earth t (Plate vii. Fig. 15.) intercepts the san'a 
light 

Jamfis, The sun then can be eclipsed only at 
the new moon. ^ 

Tutor. Certainly; for it is only when the 
moon is in conjunction that it can pass dit^ctly 
between the«8un and earth. 

Charks, It is only when the moon at her con* 
junction, is near one of its nodes, that there can 
be an eclipse of the sun ? 

Tutor. An eclipse of the sun depends upon this 
circumstance : for unless the moon is in, or near 
one of its nodeS) she cannot appear in the same 

filane with the sun, or seem to pass over his disk, 
n every other part of the orbit she will appear 
above- or below the sun. If the moon be in one 
of the/iodes, she will, in most cases, cover the 
whole disk of the sun,and produce a Ma/ eclipse; 
if she be any where within about 16 degrees of 
a node, ^ partial eclipse will be product. 

The sun's diattieter is supposed to be divided 
into 12 equal parts, >called digits^ and in every 
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partial eclipse^ as many of these parts of the 
sun's diameter as the mooa covers^ so many di* 
gits are said to be eclipsed. 

James. I have heard of a/int^/ar eclipses, what 
are they, sir? 

Tutor. When a ring of light appears round 
the edge of the moon during an eclipse of the 
sun, it is said to be annular, from the Latin word 
annulusj a ring: these kind of eclipses are occa- 
sioned by the moon being at her greatest dis* 
tance from the earth at the time of an eclipse, 
because in that situation the vertex or tip of the 
cone of the moon'^s shadow does not rea^h the 
surface of the earth. 

Charles. How long can an eclipse of the sun 
last ? 

T}utar. A total eclipse of the sun is a very 
curious and uncommon spectacle : and total 
darkness cannot last more than three or four 
minutes. Of one that was observed in Portu- 
gal, 150 years ago, it is said that the darkness 
was greater than that of the night: — that stars of 
the first magnitude made their appearance ;— 
and that the birds were so terrified that they fell 
to the ground. * 

James. Was this visible only at Portugal? 
. ThitOT. It must have been seen at other places, 
though we have no account of it. The moon, 
however, being a body much smaller than the 
earth, and having also a conical shadow, can 
with that shadow only cover a small part of the 
VOL. I. — s 
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earth ; whereas an eclipse of the mote may b« 
fseen by all those that are on the hemisphere 
which is turned towards' it (See Plate yii* 
Fig. 15 and 12.) 

You will also obsefrve, that an eclipse of the 
sun may be total to the inhabitaqts near the 
middle of the earth's disk, and annular to those 
in places near the edges of the disk, for in the 
former case the moon^s shadow 'will reach the 
earth, and in the latter, on account of the earth^s 
sphericity, it will hot 

Charles. Have not eclipses been esteemed as 
omens presaging some direful calamity? 

Thitor. Till the causes of these appearances 
were discovered, they were generally beheld' 
with terror by the inhabitants of the worlds 
which is beautifully alluded to by Milton in the 
first book of Paradise Lost, line 594 : 



-As when the tun* new risen, 



Looks through the horizontal misty nir 
Shorn of his Deams, or from behind the meon. 
In dim eclipse, disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs. 
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CONVERSATION XXXVII. 



of the Tides. 

3V/on We will propeed ta the coDsideration 
of the tideSf or the flowing and ebbing of the 
oeean. 

James, Is this subject connected with astro- 
nomy ? 

Tkstar. It is, inasmuch as the tides are dcca- 
•ioned by the attraction of the sun and mootk 
upon the waters, but more particularly by that 
6f the latter. You will readily perceive that the 
tides are dependent upon spine known and de*> 
terminate laws, because, if you turn to the Ephe- 
meris, or indeed to almost ^ny almana<f, you will 
see that the exact time of high water at London* 
bridge for every day in the year is set down. 

Charles. I have frequently wondered how this 
eould be known with such a degree of accuracy : 
'inddbd there is not a Waterman that plies at the 
stairs, but can readily tell when it will be high 
water. 

Tutor, The generality of the watermen are 
probably as ignorant as yourself of the cause 
by which the waters flow and ebb, but by expe- 
rience they know that the time of high water 
differs on each day about three quarters of an 
bojuri QT a little more er less, aud therefore if it 
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be high water to-day at six o'clock, they will, 
at a guess, tell you, that to-morrow the tide will 
not be up till a quarter before seven. 

James. Will you explidn the causes? 

Tutor, I will endeavour to do this in an easy 
and concise manner, without fatiguing your me* 
mory with a great variety of particulars : 

Theebbfloftide^ and .their mysterious flow, - 
We, as art's elementsi shall understand. 

Dbthiv. 

You mfust bear in your mind then, that the 
tides are occasioned by the attraction of the sun 
and moon upon the waters of the earth : perhaps 
a figure may be of some assistance tp you. Let 
A pi, n (Plate vn. Fig. 16.) be supposed die 
earth, c its centre ; let the dotted circle repre* 
sent a mass of water covering the earth : let m 
be the moon in its orbit, and s the sun. 

Since the force of gravity or attraction dimi* 
nishes as the squares of the distances increase,* 
the waters on the side a are more attracted by 
the moon m, than the central parts at c ; and the' 
central parts are more afttraoted than th^B waters 
at L ; consequently the waters at l will recede 
from the centre : therefore while the moon is in 
the situation m, the waters will rise towards a 
and b on the opposite sides of the earth. 

Charles. Yo« mean that the waters will ris^ 

*S«e p. 3r. 
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at a by the immediate attraction of the moon m, 
and will rise at bj by the centre c receding, ahd 
leaving them more elevated there. 

Tutor. That is the eicplanation. It is evi- 
dent that the quantity of water being the same, 
a rise cannot take place at a and A, without the 
parts at p and v being at the same time de- 
pressed. . 

James. In this situation the water may be 
considered as partaking of an oval form. 

Tutor, If the earth and moon were without 
motion, and the earth covered all over with wa- 
ter,, the attraction of the moon would raise it up 
in a heap in that part of the ocean to which the 
moon is vertical, and there it would always con- 
tinue; but by the rotation of the earth on its 
axis, each part of its surface to which the moon 
is vertical is {Resented twice a day to the action 
of the moon, and thus are produced two floods 
and two ebbs ; 

Alternate tides in sacred orde^ run. 

B&ACKXaBX. 

Charles. How twice a day ? 

Tutor. In the position of the earth aind moon 
as it is ip our figure, the waters are raised at ▲ 
by the direct attraction of the moon, and a tide 
is accordingly produced : but when, by the 
earth's rotation, a com^s, l^ hours afterwards^ 
into the position l, another tide is occasioned 

s2 
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by the reeeding of the waters there from the 
centre. 

James, You have told us that the tides are 
produced in those parts of the earth to which 
the m(k>n is yertical, but this effect is not con- 
fined to those parts. 

Tutor. It is not| but there the attraction of 
the moon has the greatest effect; in all other 
parts her force is weaker^ because it acts in a 
more oblique direction. 

Charles, Are there two tides in every 24 
hours? 

Tutor. If the moon were statiohary this 
would be the case; but because that body isalsO 
proceeding every day about 13 degrees from 
west to east in her orbil^ the earth must make 
more than one revolution on its axis before the 
siame meridian is in conjunction with the moon, 
and hence- two tides take place in about 2A 
hours and 50 minutes. 

James* But I remember when we were at the 
sea> that the tides rose hij^er at some seasons 
than at others ; how do you account for this ? 

Tkitor. The moon goes round the earth in an 
elliptic orbit, and therefore she approaches 
nearer to the earlh in some parts of her orbit, 
than in others. • When she is nearest, the at- 
traction is the strongest, and consequently it 
raises tlie tides most: and when she is fiirthest 
from the earth, her attraetioli is the least, and 
the tides the lowtet. 
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James. Do th^y rise to different heights in 
different places? 

T\ttor. They do : in the Black-Sea and the 
Mediterranean the tides are scarcely percepti- 
ble. At the mouth of the Indus the water rises 
and falls full 30 f^et. The tides are remarjia- 
bly high on the coast of Malay^ in the Straits of 
Sunday in the Red-Sea^ along the coast of Chi- 
na^ Japan^ &c. In general the tides rise highest 
and strongest in those places that* are narrowest 

CJyirhs. You said the sun's attraction ^occa- 
sioned tides as well as that of the moon. 

TSitor. It does : but owing to the immense 
distance of the sun from the earth, it produces 
but a small effect in comparison of the moon'e 
attraction. Sir Isaac Newton computed, that 
the force of the mooh raised the waters in .the 
great ocean 10 feet ; whereas that of the sua 
raised it only two feet When both the attraction 
of the sun and moon act in the same direction, 
that is, at .new and full moon, the combined 
forces of both raise the tide 12 feet But when 
the moon is in her quarters, the attraction of 
one of these bodies raises the water, while that 
of the other depresses it ; and therefore the 
smaller force of the sun must be subtracted from 
that of the moon, conseqi^ently the tides will be 
no more than 8 feet The highest tides are 
called spring-tides, and the lowest are denomi- 
nated neap-tides. 

James. I understand that in the former case^ 
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the height to which the tides are raised must be 
calculated by. adding together the attractions of 
the sun and moon; and in the latter^ it must be/ 
estimated by the difference of these attractions. 

7V/or. You are right. When the sun and 
moon are both vertical to the equator of the 
earthy and the moon at her least distance from 
tiie earth, then the tides are highest 

Charka. Do the highest tides happen at the 
Equinoxes ? 

Tutot, Strictly speaking, these tides do not 
happen till some little time after, because in this^ 
9» in other cases, the actions do not produce the 

freat'est effect when they are at the strongest, 
ut some time afterwards : thus the hottest part 
of the day is not when the sun is on the meridi- 
an, but between two and four o'clock in the af- 
ternoon.-T-Another circumstance must be taken 
into consideration : the sun being nearer to the 
earth in winter than in summer, it is of course 
nearer to it in February and October, than in 
March and September ; and therefore all these 
things being put together, it will be found that 
the greatest tides happen a little before the yer- 
' nal, and some time after the autumnal Equi- 
noxes. 
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CONVERSATION XXXVIIL 



of the Harvest Moon. 

Tutor. From what we said yesterday, you 
will easily understand the reason why the moon 
rises about three quarters of an hour later every 
day than on the one preceding. 

Charles, It is owing to the daily progress 
which the moon is making in her orbit, on 
which account any meridiatl on the 'earth must 
make more than one complete rotation on its 
axis, before it comes again into the same situa- 
tion with respect to the moon that it had before. 
And you told us that this occasioned a differ- 
ence of about 50 minutes. 

Thitor. At the equator this is generally th# 
difference of time between the rising of the moon 
on one d^y and the preceding. But ia places of 
considerable latitude, as that in which we live, 
there is a remarkable difference about the time 
of harvest, when at the season of full moon she 
rises for several nights togetlier only about 20 
minfites later on the one day than on that imme- 
diately preceding. By thus succeeding the sun 
before the twilight is ended, the moon prolongs 
the light, to the great benefit of those who are 
engaged in gathering in the fruits of the earth : 
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and hence the full moon at this season is called 
the harvest moon. It is. believed that this was 
observed by persons engaged in agriculture, at 
a mucti earlier period than it was noticed by 
astronomers; the former ascribed it to the 
goodness of the Deity, not doubting but that 
he had so ordered it on purposje for ^tb^ir ad- 
Tantage. 

Jamesp But the people at the equator do not 
enjoy this benefit 

Tutor. Nor is it necessary that they should, 
for in those parts of the earth, the seasons vary 
but little, and the weather changes but.seldomy 
and at stated times: to them, then, moon-light 
is not wanting for gathering the fruits of the 
earth. 

Charles. Can you explain haw it happens, that 
the moon at this season of the year ri^es one 
day after another with so small a difference of 
timeP 

Jhifor*. With the assistance of a globe I could 
at once clear the matter up. But 1 will endea- 
vour to give you a general idea of the subject 
without that instrument That the moon loses 
Iii6re tiine in her risings when she is in one part 
of her orbit, and less m another, is occasioned 
by the moon's orbit lying sometimes more .ob- 
lique to the horizon than at others. 

Jiames. But the moon's path is not marked 
on the globe. 

Tutor. Itiinot; you may, however, consi- 
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der iif without niach error, as coinciding with 
the ecliptic* And in the latitute of Loddon, a9 
much of the ecliptic rises about Pisces and •Sriea 
in two hodrSy as the moon goes through iii six 
days; therefore while the moon is in these signs 
she differs but two hours in rising for six days 
together ; that is^ one day with another, about 
20 minutes later every day than on 'the pre* 
ceding : 

There is a time welt known to husbandmefli 
In which the moon for many night8» in aid 
Of their autumnal labours, cheers th^ dusk 
With her full lustre, soon as Phttbus hides 
Beneath th^ horisson his propitious ray : 
For as the angle of the line whle|i bounds 
The moon's career from the Equator, flows 
Greater or less, the orb of Cynthia shines 
' With less or more of diflTerence in rise ; 
In Jlries least this angle » thence the moon 
Rises with smallest variance of times^ 
When in this si^ she dwells ; and most protracts 
Her sojourning m our enligfaten'd skies. 

Charks4 Is the moon in those signs at the 
time of harvest ? 

Tutor. In August and September you know 
that the soq appears in Virgo and Libra^ and of 
course when. the moon is fully she must be in 
the opposite signs, viz. Pisces and Jiries. 

James, Are there then two full moons that 
afford us this advantage ? 

TPutor. There are, the one when the son is is 
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VirgOi which is called the harvest moon ; the 
other when the sun is in Libra, and which, being 
less advantageous, is called the hunter's moon. 
You ought to be told that when the moon is in 
Virgo and Libra, then she rises with the great- 
est difference of time, viz. an hour and a quar- 
ter later every day than the former. 

Chariea. Will you explain, sir, how it is that 
the people at the equator have no harvest moon? 

Tutor, At the equator, the norl^ and south 
poles lie in the horiason, and therefore the eclip- 
tic makes the same angle southward with the 
horizon when Aries rises, as it does northward 
when Libra rises: but as the harvest moon de- 
pends upon the different angles, at which differ- 
ent parts of the ecliptic rise, it is evident there 
can be no harvest moon at the equator. 

The farther any place is from the equator, if 
it be not beyotid the polar circles, the angle 
which the ecliptic makes with the horizon, when 
Pisces and Aries rise, gradually diminishes, and 
therefore when the moon is in these signs she 
rises with a nearly proportionable difference 
later every day than on the former^ and this is 
more remarkable i^ut the time of full moon. 

James. Why have you ^xcept^d the space on 
the gUbe beyond the polar circles? 

ntt^r. At the polar circles,*'* when the sun 
touches the summer tropic, he continues 24 hours 
above the horizon ; and £4 hours below it when 
he touches the winter tropic. For the same 
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reason the full moon neither rises in the summeri 
when she is not wanted .; nor sets in the winter, 
when her presence is so necessary. These are 
the only two full moons which happen about the 
tropics ; for all the others rise and set la sum- 
mer the full moons are low, and their stay above 
the horizon short : in winter they are high, and 
■stay long above the horizon. A wonderful dis- 
plsiy this of the divine wisdom and goodneds, in 
apportioning the quantity of light suitable to 
the various necessities of the inhabitants of the 
earthy according to their different situations. 

Charles. At the poles, the matter is, I suppose^, 
still different 

T\itor. There one half of the ecliptic never 
selSy and the other half never rises ; consequently 
the sun'continues one h^lf year above the hori- 
2ton, and the other half below it The full moon 
being always opposite to the isun, can never be 
seen by the inhabitants of the poles, while the 
sun is above the horizon. But all the time that 
the sun is below the horizon, the full moons 
never set Consequently to them the full mooil 
is never vi9ible in the summer; and in their 
winter they have her always before and after 
the full^ shining for fonrteen of our days and 
nights without intermission. And wi|en the sui^ 
is depressed the lowest under the horizon, then 
the moon ascends with her highest altitude. 

James. This indeed exhibits in a high degree 

VOL. I. — T 2 
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the aitention of Providence to all his creatures. 
But if I understand you^ the inhabitants of the 
jpoles have in their winter a fortnight's light and 
darkness by turns. 

Tutor, This would be th^ case for the whole 
six months that the sun is below the horizon^ if 
there were no refraction \* and no substitute for 
the light of the moon. But by the atmosphere's 
refracting the sun's rays;* he becomes visible a 
fortnight sooner, add continues a fortnight 
longer in sight than h^ would otherwise do, 
were there no such property belonging to the 
atmosphere. And in those parts of the winter, 
when it would be absolutely dark in the absence 
of the moon, the brilliancy of the Aurora Bo-- 
realis is probably so great, as to afford a very 
comfortable degree of light. Mr. Hearne, in 
his travels near the polar circle, has this remark 
in his journal : ** December 24. The days were 
so . short, that the sun only took a circuit of a 
few points of the compass above the horizon, 
and did not at its greatest altitude rise half way 
up the trees. Tlie brilliancy of the Aurora 
Borealis, however, and of the stars, even with- 
out the assistance of the n>oon, made amends 
for this deficiency, for it was frequently so 
light all night, that I could see to read & small 
print." . . 

* The subject of refraction will be very pfttticuUrly ex* 
plained when we come to Optics. 
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These advantages are poetically described by 
our Thomson : 

By dancings meteors then, that ceaseless «hakd 
A waving blaze refracted o'er the heavens, 
And vivid moons, and stars that keener play 
With double lustre from the ^oagiy waste : 
Ev*o in the depth of Polar Night, they find 
A wond'rous day : enough to fight the chase. 
Or guide their daring step^to Finland-fairs. 

IflNTSBy 1. 859. 
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Of Mercury, 

7\itar. Having fully described tbe eartih and 
the moon, the former a primary pliamet, and the 
latter its attendant satellite, or secondary planet, 
we shall next consider the other planets in 
their order, with which, however, we^ are less 
interested. 

Mercurt, you recollect, is the planet near- 
est the sun ; and Venus is the second in order. 
These are called inferior planets. 

Charles, Why are they tiius denominated ? 

Tutor, Because they both reVolve in orbits 
which are included within that of the earth ; 
thus (Plate v. Fig. 2.) Mercury makes his 
annual journey round the sun in the orbit a ; Ve- 



920 iiSTRONOlir. 

nus in d, and the earth, farther from that lumi- 
nary than either ot them, makes its circuit in /. 

James. How is this known ? 

7\itor. By observation ; for by attentively 
watching the progress of these bodies, it is found 
that they are continually changing their places 
among the fixed stars, and that they are never 
seen in opposition to the sun ; that is, they are 
never seen in the western side of the heavens in 
the morning when he appears in the east ; nor 
in the eastern part of the heavens in the evening 
when the sun appears in the west. 

Charles. Then they may be considered as at- 
tendants upoh the sun ? 

T\tior. They may ; Mercury is never seen 
from the earth at a jgreater distance from the 
iun, than about twenty-eight degrees, or about 
as far as the moon appears to be from the sua 
•n the second day after its change ; hence it is 
that we so seldom see him ; and when we do, it 
is for so short a time, and always in twilight, 
tiiat sufficient observations have not been made 
to ascertain whether he has a diurnal motion oa 
his axis. 

James. Wot|Id you then conclude that he has 
such a motion ? 

Tkiior. I think we ought ; because it is known 
to exist in all those planets upon which observa- 
tions of sufficient extent have been made, and 
therefore we may surely infer, without much 
chanise of error, that it l;>elongs also to Mercury^ 



; 



ztkd the Herscbel, the former from its vicinity 
to the sun, and the latter from iti great dij^nde 
from that body, having at present eluded the in- 
vestigation of the most indefatigable astrono- 
mers. 

Charles. At what distance is Mercury from 
the sun ? * 

Thitor. He revolves round that body at about 
thirty-seven millions of miles distance, in eigh- 
ty-eight days nearly; and therefore you can 
now t^l me how many miles he travels in an 
hour. 

James. I can ; for supposing his orbit circu- 
lar, I must multiply the 37 millions by 6,^ which 
will give 222 millions of miles for the length of 
his orbit ; this I shall divide by 88, the number 
of days he takes in performing his journey, and 
the quotient resulting from this, must be divided 
by 24, for the number of hours in a day ; and 
by these operations, I find that Mercury travels 
at the rate of more than 105,000 miles in an 
hour. 

Charles. How large is Mercury ? 

Tutor. He is the smallest of all the planets. 
His diameter is something more than 3200 miles 
in length. 

Jiames. His situation being so much nearer 
to the sun than ours^ he must enjoy a considera- 
bly greater share of its heat and light. 

Tutor. So much so, as would indeed infalli^ 

• Sec p. 160. 
t2 



My barn tvtry thiug belonging to the earth to 
itton^ were she similarly situated. The hetit 
of the sun at Met^eury, mast be seven times 
^ater than our summer heat ; 

• ■ ■ ■ Mercwry the iirst 

^eu ordering on the da^, with speedy wheel 
Flies swif^st on, in R&nung where he comes, 
WiHk swm-foifl aplendoor, all the azure road* 

Mallxt's Ezcubsiok. 

Cktffrtes. And do you imagine that, thus cir* 
^mstanced, this planet can be inhabited ? 

TSitor. Not by such beings as we, are : you 
i^tid I coild not long exist at the bottom of .the^. 
Ilea ; yet the sea is the habitation of millions of 
living ereatures; why then may there not be 
inhabitants in Mercuryi fitted for the enjoyment 
0f the situation which that planet is calculated 
to i^fibrd ? If there be not, we must be at a loss 
to know why sqch a body was fofmed ; certain- 
ly it could not be intended for our benefit^ for it 

is rarely even seen by us ; 

• 

Ask for what end the heavenly bodies shine ? 

Parth for whose use > Pride answers, '^ 'Tis for mine : 

■ su ns tp iig^ht me rise, 
lly footgtool e«rth| my leahopy tb« akiea." 

Popi. 

But do these worlds 4i*pl<^ their beams, or i^ide 
Their orbs, to serve thy U8e» to please thy pride ^ 
Thyself but di^st, th^ stature hut ^ span, 
A moment thy duration ; foolish man ! 
As well may Uie mmutest enunet sajr, 
That Caiic^stts was raised to p%ye his way : 
Tbe snuV that Lebanon^s extenocd wood 
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Wfts destined only for hUi wttk sod (bod : 

I1)e vilest cockle, gaping on the eoAst. 

That rounds the ample seas, as ^lirell may boast. 

The craggy rock )>n>ject8 above the sky. 

That he hi safety at its foot may lie % 

And the whole ocean's confluent waters swell, 

Only to quench his thirst, or move and blanch his shell. 
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of Venus, • 

Tutor. We now procfeed to Vetius, the second 
planet in the order of the aolar system, but by 
far the most beautiful of them all : 

Fairest of stars, bst in ttii^ train (knight. 

If better thou belong not to the dawn. 

Sure pledge of dii^, ttiat crown'st tiie smiling mom 

With thy tijkffiA oiitliet, i»raise him in thy sphere* 

Wlule ^ ansds, that sweet hour of^rime. 

MiLTOV. 

Jitmes. How tit is V«bus from the isun ? 

TSitor. That planet Is sixty -eight millions of 
miles from the sun, and she finishes her journey 
in 1I2A\ ^ays, eon«equeii1iy she must travel at 
the rate of 7^000 mites in an liour. 

Charles. Venus is lar|^r than Mercury, I 
dare say? 

Tutor. Ve«^ 4riie is nearly as large as the 
'isartb, which she resembles abo in oilier respects;. 
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her diameter being about 7700 miles in length, 
and she has a rotation about her axis in 23 hours 
and 20 minutes. The quantity of light and heat 
which she enjoys from the sua, must bie double 
that which is experienced by the inhabitants of 
this globe. 

James, Is there also a difference in her sea- 
sons, ai^ there is here ? 

Thiof. Yes, in a much more considerable 
degree. The axis of Venus inclines about 75 
degrees, .but that of the earth inclines only 23i 
degrees, and as the variety of the seasons in 
every planet depends on the degree of the incli- 
nation of its axis, it is evident that the seasons 
must vary more with Venus than with us. 

Charles. Venus appears to us larger sometimes 
than at others. 

Tutor. She does ; and this, with other particu- 
lars, I will explain by means of a figure. Sup- 
pose s*(Plate vn. Fig 17.) to be the sun, t the 
earth in her orbit, and a, 6, c, dy^^f^ Venus ia 
her's : now it is evident that when Venus is at a^ 
between the sun and earth, she would, if visible, 
appear much larger than when she is at d in 
opposition. 

James. That is because ^he is so much nearer 
in the former cade than in the latter, being ia 
the situation o, but 27 millions of miles from the 
earth t, butat£/, shells 163 millions of miles off. 

Tutor. Now as Venus passes from a, through 
hj c, to </, she may be observed by means of a 
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gjood tele0cope, to have all Uie same phases aa' 
the moon has in paaaipgfrom new to full : there- 
fore when she is ati/^die is hU, aoftisseen 
among the fixed atars in the beginning of Can* 
cer : during her journey from d to e^ she prO'* 
ceeds wiUi a direci motion in her orbit, and at e 
she is seen in I^eo, and will appear to an inhabi- 
tant ojT the earthi for a few days to be stationary ^ 
not seeming to change her plac6 among the fixed 
stars, for she is coming towards the earth in k 
direct line : but in passing from t to fj though 
atill with a dimet motion, yet to a spectator atT» 
her course will seem to be back again, or retnh- 
grade, for she will seem to have gone back from 
8 Xoff ; her path will appear retrograde till she 
gets to c, when she will again ^'ipp^dx stationary f 
and afterwards from e to d, and from d to e, it 
will be direct amon^the fixed stars. 

Charles. When is Venus an evening, and when 
a iporning star ? 

Tutor. She is an evening star all the while she 
appears east of the sun^ and a morning star 
while she is seen west of him ; 

l^ext Vei^us to the Hoestward of the sun 
^PuU orbM her face, a gjolden plain of %ht 
Circles her larger round. Fair morning star 
That leads on dawning day to yonder world 
The SMtf o/^Tim. 

Hailxt's ExGVBSioar, 

> 

When she is at a she will be invisible, her 
dark side beiug towards us, unless sh^ be exactly 
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in the node, in which ease she will pass orer the 
sun's face like a little black spot 

Jamts. Is that called the transit of Venus ? 

Tutor* It is ; and it happens twice only in 
about one hundred and twenty years* By this 
phenomenon astronomers have been enabled to 
ascertain with great accuracy the distance of the 
earth from the sun ; and haying obtained this, 
the distances of the other planets are easily 
found. "Ay the two transits which happened in 
1761, and 1769, it was clearly demonstrated, 
that the mean distance of the earth from the sun 
was between ninety^fiye and ninety-ux mil« 
lions of miles. 

Charles, How do you find the distances of the 
other planets from the sub, by knowing that oC 
the earth ?* 

Tutor. I will endeavour to make this plain to ' 
you. Kepler, a great astronomer, discovered 
that all the planets are subject to one general 
kw, which is, thtXihesqtuireaqf their periodical 
times are proportional to the cubes of their dis^ 
tances/rom the sun. 

James, What do you mean by the periodical 
times? 

Tutor, I mean the times which the planets 

* Tbe remainder of this conyeraation may be omitted by 
those young persoAs who are not ready in arithmetical ope- 
rations. The author, however* knows from experience, tnat 
children may, at a very early age, be brought to understand 
those higher parU of ahthmetic. 
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take in revolving round the snn ; thas the peri- 
odical time of the earth is 365i days; that of 
Venus 224i days ; that of Mercury 88 days. 

Charles, How then would you find the distance 
of Mercury from the sun ? 

Tutor. By the rule of three : I would say as 
the square of 365 days (the time which the earth 
takes in revolving about the sun) is to the square 
of 88 days, (the time in which Mercury revolves 
about the sun,) so is the cube of 95 miUionSi (the 
distance in miles of the earth from the sun) to 
a fourth number. 

James, And is that fourth number the dis- 
tance in miles of Mercury from the sun ? 

Tutor, No ; you must extract the cube root 
of that number, and then you will have about 
thirty-seven millions of miles for the answer, 
which id the true distance at which Mercury re- 
volves about the sun. 



CONVERSATION XLI, 



Of Man. 

Tutor. Next to Venus is the earth and her 
satellite the moon ; but of these sufficient notice 
has already been taken, and therefore we shall 
pass on to the planet Mars, which is known in 
the heavens by a dusky red appearance. Mars, 
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togetherwith Japiter, Satotn, aind the Herschel, 
are called superior planets, because the orbit of 
the earth is enclosed by their orbits. 
' Charles. At What distance is Mars froin the 
sun ? 

7\itor. About 144 millions of miles; the 
length of his year is equal to 687 of our days, 
and therefore he trarels at the rate of more than 
53 thousand mile? in an hour ; his diurnal rota* 
tion on his axis is performed in 94 hours and 39 
minutes,' which makes his figure that of an ob- 
late spheroid. 

James. How }b the diurnal motion of this 
planet discovered ? 

T^tor, By means of a very large Spot which 
is seen distinctly on his face, when he is in that 
part of his orbit which is opposite to the sun and 
earth. 

Charles. Is Mars as large as the earth ? 

T\itor. No; his diameter is only 4189 miles 
in length, which is but little more than half the 
length of the earth's diameter. And owing to 
his distance from. the sun he will not enjoy one 
half of the light and heat which we enjoy .« 
' James. And yet, I believe, he has not the 
benefit of a moonJ 

Tutor. No moon has ever been discovered 
belonging either to Mercury, Venus, or Mars, 

Charles. Do the superior planets exhibit simi- 
lar appearances of direct and retrogritde motion 
to those of the inferior planets ? 
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TSiior: They do : suppose s (Plate viii. Fig^ 
18») the sun : a, by Cj d^ Cf/, g^ hy the earth, in 
different parts of its'CMrbit, and m Mars in his 
CMrbit. When the earth is at a. Mars will ap- 
pear among ithe fixed stars at x: when by its 
annual motion the earth has arrived at by dy and 
/y respectively, the planet Mars will appear in the 
heavens at y, Zy and to: when the earth hat 
advanced to gy Mars will appear stationary at 
o; to the earth in its journey from j* to A the 
piaoet will seem to go backwards or retrograde 
In the heavens from o to Zy and this retrograde 
motion will be apparent till the earth has arriv 
^d at Oy when the planet will again appear ata* 
tionary» 

Jafnes. I perceive that Mars is retrograde 
^hea in opponiiony and the same is, I sappose^ 
applicable to the other superior planets ; but the 
retrograde motion of Mercury and Veniis is 
when thoseplanets are in conjunction. 

Tutor. Yoi} are right: and you see the reason, 
i dare say, why the superior planets may be in 
Hm^ west in the morning when the sun rises in 
the east, and the reverse. 

Charles. For when the earth is at dy Mars 
may be at n, in which case the earth is between 
the sun and the planet : I observe also that the 
planet Mars, and consequently the other supe- 
rior planets^ are much nearer the earth at one 
time than at others. 

T\$tor. The difference with respect to Msffs is 
VOL, r. — u 



V 



230 ASTKONOMr, 

no less than 190 millions of mileSy the whole 
length of the orbit of the earth; This will be a 
proper time to explain what is meant by the Ht- 
liocentric longitude of the planets referred to in 
the Ephemeris. 
James. Yes, I remember* you promised to ei:- 

fTain this when you came to speak of the planets ; 
do not know the meaning of the word helio- 
centric. . 

Tutor. It is a term used to express the place 
pf any heavenly body as seen from the sun ; 
whereas the geocentric place of a planet, is the 
position which it has when seen from the- earth. 

Charles. Will you show us by a figure in what' 
this difference consists ? 

Tutor. I will : let s (Plate viii. Fig. 19.) re- 
present the place of the sun, b Venus in its orbit, 
a the earth in her's, and c Mars in his orbit, and 
the outermost circle will represent the sphere of 
fixed stars. Now to a spectator on the earth a, 
Venus will appear among the fixed stars in the 
beginning of Scorpio, but as viewed from the 
sun, she will be seen beyond the middle of Leo. 
Therefore the Geocentric longitude of Venus will 
be in Scorpio, but her Heliocentric longitude will 
be in Leo. Again, to a spectator at a, the planet 
Mars at c, will appear among the fixed stars, 
towards* the end of the sign of Pisces ; but as 
viewed from the sun he will be seen at the begin- 
ning of the sign Aries; consequently the geocen-- 
trie loneitude of Mars is in Pisces ; but his htli^-^ 
centric longitude is in Aries. 
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COJfVERSATION XLU. 



Of Jupiter. ^ 

TSitor, We now come to Jupiter^ the largest 
of all the planets, which is easily known by his 
peculiar magnitude aod brilliancy. 

Charles. Is Jupiter larger than Venus ? 

Thitor. Though he does not/appear so large, 
yet the magnitude of Venus bears but a very 
small proportion to that of Jupiter, whose dia* 
meter is 90,000 miles in length, consequently his 
bulk will exceed th^ bulk of Venus 1500 times: 
his distance from the sun is estimated at more 
than 490 millions of miles. 

Jqmka. Then he \%jwt times fartiier from die 
sun, than the earth, and consequently, as light 
and heat diminish in the same proportion as the 
squares of the distances from the illuminating 
body increase, the inhabitants of Jupiter enjoy 
but a twenty-fifth part of the light and heat of 
the sun ^lat we enjoy. 

Tutor: Another thing remarkable in this 
planet is, that it revolves on its axis, which is 
perpendicular to its orbit, in 10 hours, and in 
consequence of this swift diurnal rotation, his 
equatorial diameter is 6000 miles greater than 
his polar diameter. 
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Charles. Since then a variety in the seasons 
of a planet depends upon the inclination of the 
axis to its orbit, and since the axis of Jupiter 
has no inclination, there can be no difference in 
his seasons, nor any in the length of his days 
and nights. 

. Thtor. You are right, his days and nights are , 
always five hours each in length ; and at his 
equator, and its neighbourhood, there is perpe- 
tual summer; and an everlasting winter in the 
polar regions. 

James. What is the length of hi» yiear ? 

Tutor., It is equal to nearly 12 of ours, for he 
takes II years, 914 days, and 10 hours, to make 
a revolution round the sun; consequently he 
travels at the rbte of more than 28,000 miles in 
jBn hour. 

This noble planet is accomjpanied with four 
satellites, which revolve aboiit him at different 
distances, and in different periodical times ; the 
first in about 1 day and 11 hours: the second in 
3 days, 13 hours: the third in 7 days, 3 hours: 
and the fourth in 16 days and 16 hours. 

Beyond the sphere of Afer« in ^stant skies» 
Revolves the mighty tnaignitude of Jove 
IVith kingly state, the rival of tbe'sun. 
About him round ^bur planetary moone 
On earth with wonder all night long beheld 
Moon above moon, his fair attendants dance* 

Mailbt's Ezcvmsioir. 

Charles. And are these satellites, like our 
inoon, subject to be eclipsed ? 
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Tutor. They are ; and their eclipses are of 
consifterable importance to astronomers, in as- 
certaining with accuracy the longitude of differ- 
ent places on the earth. 

By means of the eclipses of Jupiter^s satel- 
lites, a method has been also obtained of demon- 
strating that the motion of light \s progressive^ 
and not instantaneous^ as was once supposed. 
Hence ij is found that the velocity of light is 
nearly 1 1,000 times greater than the velocity of 
the earth in its orbit, and more than a million of 
times greater than that of a ball issuing from a 
cannon. This discovery is alluded to by the 
last-mentioned poet : speaking of an observer of 
the eclipses and Jupiter's satellites, he says : 

By these obderv'dthe rapid progrtax finds 
ci'Ught itself { how swift the headlong ray ' 
Shoots from the sun's height through unbounded space^ 
At once enlightening sir, and earth, and heaven. 

Rays of light come from the sun to the earth in 
8 minutes, that is, at the rate of 12 millions of 
miles in a minute nearly. 
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CONVERSATION XLIII. 



Of Saturn. 

Tutor, We are now arrived at Satura in our 
descriptionSi whichi till within these twenty- 
years, was esteemed the most remotp planet of 
the solar system. 

Charles. How is be distinguished in the 
fieavens? 

TWor. He shines with a pale dead light, very 
unlike the brilliant Jupiter, yet his magnitude 
seems to vie with that of Jupiter himself. The 
diameter of Saturn is nearly 80,000. miles in 
length : his distance from the sun is more than 
900 millions of iniles, and'he performs his jour* 
ney round that luminary in a little less than 30 
of our years, consequently he must travel at a 
-fate not much short of 21,000 miles in an hour* 

James, His great distance from the sun must 
render an abode on Saturn extremely eold and 
dark too, in comparison of what we experience 
here. 

T\itor, His distance from the sun being be- 
tween 9 and 10. times greater than that of the 
earth, he must > enjoy about 90 times less light 
and heat; it has nevertheless been calculated 
that the light of the sun at Saturn is 500 times 
jgreater than we enjoy from our/u// moon. 
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Charles. The day-light at Saturn, theny oan- 
AOt be very contemptibTe : I sboulfl hardly have 
bought that the iignt of the sun here was 500 
tim^s greater than that experienced {roip a full 
moon. 

. Tutor, So hiuch greater is our meridian light 
Ihan this, that during the sun's absence behind a 
4:loud, when the light is much less strong than 
when we behold him in all his glorious splendour. 
It is reckoned that. our day-light is 90,000 times 
greater than the light of Uie moon at its full. 

/ameSf But Saturn has several moons I be- 
Jieve ? 

Tutor, He is attended by seven satellites, or 
moons, whose periodical times difier very much ; 
ithe one nearest to him performs a revolution 
ro^nd the primary planet in 22 hours and a half; 
and that which is most remote takes 79 days 
and 7 hours for his monthly journey: this last 
satellite is known to turn on its axis, and in its 
rotation is subject to the same law which our 
moon obeys, that is, it revolves on its axis in the 
•same time in which it revolves about the planet. 
Besides the seven moons, Saturn is encom- 
passed with two broad rings which are probably 
of considerable importance in reflecting the light 
of the sun to that planet ; the breadth of the 
inner ring is 20^000 miles, that of the outer ring 
7200 miles, and 'the vacant space between the two 
rings is 2839 liiiles. These rings give Saturn a 
very different appearance to any of the other 
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planets. Plate viii.' Fijg. 20, if a representation 
of Saturn as seen through a good telesc^ope. On 
the supposition that Saturn wais the most remote 
planet of our system, he is thus described by 
Mallet in his excursion : 

Last, outmoit Saturn Walks his frontier round 
The boundary of worldsi with his pale moons. 
Faint glimmering thro' the g^loom which night has thrown 
D«ep-dved and dead o'er this chill globe forlorn : 
An endless desert, where extreme of cold 
Eternal nts, as in his native seat, 
On wintery hills of never-thawing ice. 
Such Saturn's earth \ and even here the sight 
Amid these doleful scenes, new matter finds 
Of wonder and delight ! a miglity ring / 
• •• 

Charles. Is it known whether Saturn turns on 
its axis? 

Tutor. According to Dr. Herschel, it has a 
rotation ' about its axis in 12 hours 13i minutes ; 
this he computed from the equatorial diameter 
being .longer than the polar diameter in the pro- 
portion of 1 1 to 10. Dr. Hersehel has also dis- 
covered that the ring^ just mentioned, revolves 
about the planet in 10 hours and a half. 
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CONVERSATION XLIV. 



Of the Herschel Planet. 

7\ttor. We have but 6ne more planet to de- 
scribe, that is the Herschel. 

James. Was it discovered by Dr. Herschel ? 

Tutor. It was, on the 13th of March, 1781, 
and therefcH^ by astronomers in general it i^ de* 
nominated thd Herschel jplanet; though by the 
Doctor himself it was named the Georgium Si- 
dus, or Greorgian star, in honour of his present 
majesty George the Third, who has for many* 
years been a liberal patron to this great and most 
indefatigable astronomer. 

Charles, I do not think that! have ever seen 
this planet 

Tutor. Its apparent diameter is too small to 
be discerned readily by the naked eye, but it may 
be easily discovered in a clear night, when it is 
above the'horizon, by means of a good telescope, 
its situation being previously known from the 
Ephemeris. 

James. Id it owing to the smallness of this 
planet, or to its great distance from the sun, that 
we cannot see it with the naked eye ? 

' TSitor. Both these causes are combined : in 
comparison of Jupiter and Saturn it is small, his 
diameter being less than 35,000 miles ip leng(th ; 
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and his distance from the sun is estimated at 
more than one thousand eight hundred millions 
of miles from that luminary,^ around which^ 
however, he performfs his journey in eighty-twd 
of our years, consequedtly he must travel at the 
•rate of 16,000 miles an hour. 

Charles. But if this planet has, be^ disctpver- 
ed only twenty^-two years, how is it Known that 
it will complete its revolution in eighty-two 
years? 

Tutor, By a long series of observations it was 
found to move with such a velocity, aa^ would 
carry it round the heavens in that period. More- 
over, when it was first discovered, it was in Ge- 
mini, aitd in August, 1803, it had advanced in 
the 1 1^ of Libra, more than a fourth part of its 
journey ; and now in June, 1809, it is in the 
eighth of Scorpio. 

James. How many moons has the Herschel ? 

Thiiar. He is attended by six satellites or 
moons, of which, the one nearest to the planet 
performs his revolution round the primary in 
five days and twenty-three hours^ but that which 
is the most remote from him takes 107 days and 
164iours for his journey. 

Charles. Is there any idea foritied as to tho 
light ^and heat enjoyed by this planet? 

Tutor. His distance from the stin is nineteen 
times greater than that of the earth, consequent- 
ly since the square of 19 Js 361, the light and 
he^t Experienced by the inhabitants of that'planet 
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must be .361 times less than we derive from the 
rays of the sun. 

The proportion of light enjoyed by the Her; 
sehel has been estimated at about equal to the 
effect of two hundred and forty-nine of our fall 
moons. 
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Of Comets. 

Tutor. Besides the seven primary planets, and 
the eighteen secondary ones or satellites, which 
we have been describing, there are other bodies 
belonging to the solar system, called comets, to 
which Thomson, in his Summer, beautifully al- 
ludes : 



-Amid the ndiant orbs 



That more than deck, thaOnimate the skjr, 
The life'-infusing suns of other worlds ; 
JLo ! from the (&ead immensity of space 
Retuminip with accelemted eourse 
The rushm^ comet to the sun descends, 
And as he sinks below the shading earth, 
With awful train projected o'er the heavens, 
llie guilty nations tremble. 

Snana, line 1702. 
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Charles. Do comets resemble the planets ia 
any respects? 

Thtor. Like them thej^ are supposed to re- 
volve about the sun in elliptical orbits^ and to 
describe equal areas in equal times ; but they do 
not appear to be adapted for the habitation of 
animated beings, owing to the great degrees of 
heat and cold to which, in their course, they 
must be subjected/ 

The comet seen by Sir Isaac Newton, in the 
year 1680, was observed to approach so n<&r 
the sun, that its heat was estimated by that great 
man, to be 2000 times greater than that of red- 
hot iron. 

James. It ^nust have been a very solid body 
to hfLve endured such a heat without being en- 
tirely dissipated. 

Tkitor. So indeed it should seem ; and a body 
thus heated must retain its heat a long time ; for 
a red-hot globe of iron, of a single inch in dia* 
meter,* exposed to the open air, will scarcely 
lose all its heat in an hour ; and it is said, thttt 
a globe of red-hot iron, as large as our earthy 
would scarcely oool in 50,000 years. See En- 
field's Institutes of Natural Philosophy, p. 296^ 
second edition. 

Charles. Are the periodical times of the co- 
mets known ? 

Thitor. Not with any degree of certainty ; it 
was supposed that the periods of three of them 
had been distinctly ascertained. The Jirst of 
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these «p{)eaTed in the yeftrs ISSI, 1607, aod 
168^, and it was expected to retura every 75th 
year; and one wfakfa, as had been predicted by 
Dr. Halley, appeared in 1758| which was sup- 
posed to be the same« 

The«e60;iflf of tfaetn appeared in 153^, and lOdl, 
and it was expected that it wouM again make its 
appearance in 17B9, bat in this the astronomers 
of the present day have been disappointed^ 

The tkif^ was that which appeared in 1680^ 
and its period being estimated at 575 years can- 
noty upon that sopposition, retam until the year 
2255. This last comet at its greatest distance 
is eleven thousand, two hundred nlillions of 
miles from the sdn, and its kast distance from 
the sun's centre was but four hundred and ninety 
thousand miles ; in this part of its orbit it tra- 
velled at the rate of eight iniHidred and eighty 
thousanol miles in an hour. 

. James. Do all bodies move faster or slower 
in proportion as they are nearer to, or more dis- 
tant from their Centre of motion P 

TSAtor. They do, for if you look back upon 
the last six or seven leetures, you will see that 
the Hen€hd, which is the mM>st remote planet 
in the solar system, travels at the rate of 16,000 
miles an hour : Saturn, the next nearer in the 
order, 21,000 miles; Jupiter 28,000 miles ; Mars 
53,000 miles; the earth 65,OQO miles; Venus 
75,000 miles; and Mprcury at the rate of 
105,000 miles in an hour. But here we come 

VOL. I. — X 
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s, , • 

to a domet ^hose progressive motton in that 
part of its orbit which is nearest to the stin^ is 
more than equal to eight timea the velocity of 
Mercury. 

Charles* Were not comets formerly dreaded, 
ais awfol prodigies intended to alarm the world ? 

TuM. Comets are frequently accompanied 
with a luminous train called the taii,. which is 
supposed to be nothing more than vapour rising 
from the body in a line opposite to th^^un, but 
which, to uninformed people, has been a soilree 
of terror and dismay, and to this opinion many 
of our poets have alluded : 



'Where the /ram 



Of comets wander in eccentric ways 

With infinite excursion through ti)' immense 

Of ether, traversing from aky to sky 

Ten thousuid regions, in their winding road» 

Whose length to trace imagination faib ; 

Various their path s 

While distant orbs with wonder and amaze 

Mark thehr appToacb, and night by night alarm'd 

Their dreaded progfeas wat^ «a of a foe 

Whose march is ever fatal, in whose train 

Famine and war, and desolating plague. 

Each on his pale horse rides, the ministers 

df angry Heayen to scooiye offending woilds« 

BIauit's ExcimsToir. 
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these «p{)etfred in the years ISSI, 1607, aod 
168^, and it tvaa expected to return every 75th 
year $ and one whkh^ as had been predicted by 
Dr. Halley, appeared in 1758, which was sup- 
posed to be the same. 

The «e60;iflf of tfaem appeared in 153^, and 166 1 , 
and it was expected that it would again make its 
appearance in 1789, but in this the astronomers 
of the present day have been disappointed^ 

The ikif^ was that which appeared in 1680, 
and its period lieing estimated at 575 years can- 
not, upon that sopposition, return until the year 
2255. This last comet at its greatest distance 
is eleven thousand, two hundred nlillions of 
miles from the sdn, and its kast distance from 
the sun's centre was but four hundred and ninety 
thousand miles i in this part of its orbit it tra- 
velled at the rate of eight hundred and eighty 
thousand miles in an hour. 

James. Do all bodies move faster or slower 
in proportion as they are neai«r to, or more dis- 
tant from their centre of motion P 

Tkiior. They do^ for if you look back upon 
the last six or seven lectures, you will see that 
the Hersfihel, which is the mM)st remote planet 
in the solar system, travels at the rate of 16,000 
miles an hour : Saturn, the next nearer in the 
order, 21,000 miles ; Jupiter 28,000 miles ; Mars 
53,000 miles; the earth 65,000 miles; Venus 
75,000 miles; and Mercury at the rate of 
105,000 miles in an hour. But here we come 
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Tutor. No ; the motion about its axis renders 
it spheroidical^ having its diameter at the equa- 
tor longer than that which passes through the 
poles. 

The sun's diameter is equal to 100 diameters 
of the earth) siid therefore his bulk must be a 
million (ri times greater than that of the earth, 
but the density of the matter of which it is com- 
posed is foul* times leiss than the density of our 
globe. 

We have already seen thkt by the attractioii 
of the sun, the planets are retained in their or- 
bits, and that to him they are indebted for lights . 
heat^ and motion : 

Fairest of beincv f fint created light ! 

Prime cause or beauty ! for from thee alone 

The sparkling gem, the vegetable face* 

The nobler wonds that Uve and breathb their d)am)t» 

The lovely hues peculiar to each tribe, 

Froni thy unftiHi^f source of splendoar driw ! 

In thy pure shine* wiUi.tr^n^ort I survey 

This firmament, and these her rolling worlds 

Their magnitudes and motions. 

r Makmt's Ezcvmaiov, 
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CONVERSATION XLVII. 



Of the FUed Stan. 

Tutor. We will now put an end to our astro- 
nomical conversatioBS, by referring again to the 
fixed stars, , which, like our sun, shine by their 
own light 

Charles. Is it then certain that the fixed stars 
are of themselves luminous bodies; and that the 
planets borrow their light from the sun ? 

Tutor. By the help of telescopes it is known 
that Mercury, Venus, and Mars shine by a bor- 
rowed light, for like the moon, they are observ- 
ed to have difierent phases according as they 
are difierently situated with regard to the sun. 
The immense distances of Jupiter, Saturn, and 
the Herschel planet, do not allow the difference 
between the perfect and imperfect illumination 
of their discs or phases to be perceptible. 

Now the distance of the fixed stars from the 
earth is so great, that reflected light would be 
much too weak ever to reach the eye of an ob- 
seryer here. 

James. Is this distance ascertained with any 
degree of precision. 

Thitor. It is not : but it is^known with certain- 
ty to be so great^ that the whole length of the 

X 2 
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earth's orbit, viz. 190 millions of miles, is but a 
point in comparison of it; and hence it is infer- 
red that the distance of the nearest fixed star, 
cannot be less than a hundred thousand times 
the length of the earth's orbit;* that is a hun- 
dred thousand times 190 millions of miles, or 
19,000,000,000,000 miles; this distance being 
immensely great, the best method of forming 
some clear conception of it, is to compare it with 
the velocity of some moving Jbody, by which it 
may be measured. The swiftest motion with 
which we are acquainted is that of light, which, 
as we have seen, is at the rate of twelve millions 
of miles in a minute ; and yet light would be 
about three years in passing from the nearest 
fixed star to the earth,. 

A cannon ball which may be made to move at 
the rate of twenty miles in a minote, would be 
1800 thousand years in traversing the distance. 
Sound, the velocity of which is thirteen miles in 
a minute, would be more than two million seven 
hundred thousand years in passing from the 
star to the earth. So that if it were possible 
for the inhabitants of the earth to see the light ; 
— to hear, the sound; — and to receive the ball of 
a cannon discharged at the nearest fixed star; 
they would not perceive the light of its explo- 
sion for three years after it hadl)een fired ; . nor 
receive the ball till 1800 thousand years had 

* See Or. Enfield's Inititutes of Natonl Philosopher, p. 
34r. Second edition, 1799. 
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elapsed ; nor hear the reprort for two millions 
and seven hundred thousand years after the 
explosion. 

Charles. Are the fixed stars at different dis- 
tanoes from the earth ? 

Tutor. Their magnitudes, as you know, ap 
pear to be different from oneanothcri which dif- 
ference inay arise either from a diversity in their 
rea> magnitudes, or in their distances, or from 
both these causes acting conjointly. It is the 
opinion of Dr. Herschel that the different appa- 
rent magnitudes of the stars arise from the dif- 
ferent distances at which they are situated, and 
therefore he concludes that stars of the seventh 
magnitude are at seven times the distance from 
us that those of the first magnitude are. 

By the assistance of his telescopes he is able 
to discovjsr stars at 497 times the distance of 
Sirius the Dog-Star ; from which he infers that 
with more powerful instruments he shouid be 
able to discover stars at still greater distances. 

James. I recollect ihgX you told us once, that 
it had been supposed by some astronomers, that 
there might be fixed stars at so great a distance 
from us, that the rays of their light had not yet 
reached the earth, though they had been tra- 
velling at the rate of twelve millions of miles 
in a minute, from the first creation to the pre- 
sent time. 

Tutor. I did ; it was one of the sublime spe- 
culations of the celebrated Huygens. Dr. Hal- 
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' Ifsy has also advanced, what he soys seems to be 
a metaphysical paradox, viz. that the number of 
fixed stars must be more than finite, and some 
of them at a greater than a finite distance from 
others; und Mr. Addison has justly observed, 
that this thoOght is far from being extravagant, 
ivhen we consider that the universe is the work 
of infinite power, promoted by infinite goodness, 
and having an infinite space to exert itself in ; 
so that ouf imagination can set no bounds to it 

How distant some of the nocturnal suns I 
^o distant, says the sagp, 'twere not absurd 
To doubt, if beams set out at Nature's birth, 
\ Are yet arriv'd at this so foreign world ; 
Though nothing half so rapid as their flight. 

Youvo. 

Charles. What can be the use of these fixed 
stars? — not to enlighten the earth, for a single 
additional moon would giv^ us much more light 
than them all, especially if it were so contrived 
as to afford us its assistance at those intervals 
when our present moon is below the horizon. 

TSitoT. You are right: they could not have 
been created for our use, since thousands, and 
even millions, are never seen but by the assist- 
ance of glasses, tp which bpt few of our race have 
access. Your minds indeed are too enlightened 
to imagine, like children unaccustomed to re* 
ilectipn^ that all things were created for the 
N^iyoy ment of ipan. The earth pn which we live 
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is but one of seven primary platiets circulating 
perpetually round the sun as a. centre, and with 
these are connected eighteen secondary planets 
or moons, all of which are probahly teeming with 
living beings, capable, though in different ways, 
of enjoying the bounties of the great First Cause. 

The fixed stars then ure probably suns^ whicb> 
iike our l^un^ server to enlighten^ warm, and sus* 
tain oUier systems of planets and their depend'^ 
i»nt satellites. 

(/ffmes. Would our sun appear as a ilxed stu? 
tt any great distanoe? 

Tfa/or. It certainly would: and Dr. Hers^hel 
thinks there is no doubt, but that it is one of the 
heavenly bodies belonging to that tract of the 
beavend known by the name of the Milky Way* 

Charles, . I know the milky w^y in the hear' 
▼ens, but I little drought that I bad any <^nc6i*9 
with it otherwise than as an observer*. 

Tuttn". The milky way consists of fixed stsirib 
too small to be discerned with the -naked eye ; 
and if our sun be one of them, the darth and 
other planets are closely connected with this 
part of the heavens. > . 

But, Gentlemen, it is time that we tak^ our 
leave of this subject for the present. For your 
attention to those instructions, which, on this 
and other topics, I have been able to communi- 
cate, accept my best thanks. For your future 
welfare and ' happiness, my heart is deeply in- 
terested. You will not, I flatter myself, very 
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soon forget that corinexton which has subsisted 
between us for a long course of years. From 
my mind the remembrance of your kindness 
can never be obliterated. Permit, me, then, as a 
testimony of my gratitude and sincere affection, 
to. recommend to your future attention the works 

^of nature and creation, by a careful investiga- 
tion of which you will necessarily be led ta the 
contemplation and love of the God of Nature. 

Your knowledge, young as you yet are, of the 
fundamental principles of Geometry and Alge- 
bra, is such as to render scientific pursuits easy 
and pleasant And your understandings are 
not more capable of entering into the sublime 
speculations of science., than your hearts are 
adapted to receive and cherish .those impre«- 

*sions of gratitude, which are the natural conse- 
quences of enlarged and comprehensive views 
of the being and perfections x>( the Deity. In 
all your studies and pursuitiSi tben^ never for- 
get, that 
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IVhere Ukitbbsal Lon not smilefl around* 
Sustaining all yon orbs, and all their suns ; 
From seeming evil still educing good. 
And better thence again, and better still. 
In infinite progreaaion. . 

TaoMsosr, 
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